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the procedure adopted for sputum may be necessary due to the nature 
of the material (urine, gastric washings, pus, cerebrospinal fluid, pleura! 
fluid). 

2. Microscopic.— (a) Direct.— Select a small purulent particle of sputum 

and:' r ■ ’ ’ ■ a thin film, allow to diy, fix by 

passi ■ - ■ ■ . . and stain by the Ziehl-Neelsen 

metf ' ■_ pical acid-fast bacilli which will 

appear red in contrast to the blue of the counterstain of all other bacteria, 
cells and debris. 

(b) Examination of Sediments .— Ccntrifugalize spinal fluid or urine. Then 
prepare and stain films of the sediment as described above. At times it 
may be necessary to use a thin film of egg albumin (sterile) on the slide 
as a fixative to prevent the sediment being washed away during the staining 
process. Also treat in this fashion the sediments obtained by the concentra- 
tion methods. 

3. Cultural.— Cultural methods are being increasingly used routinely 
in the search for Myco. tuberculosis. With proper media rightly handled 
the results arc about as good as obtained by animal inoculation, although 
cultural methods always leave something to be desired since they do not 
establish the virulence of the acid-fast organism cultured. Original speci- 
mens almost always contain bacteria other than the tubercle bacilli hence 
it is desirable to treat them, not only to effect concentration, but to elimi- 
nate contaminations. The sediments obtained in the concentration methods 
described above may be used. MacNabb, however, prefers the use of 
3 per cent hydrochloric acid. The specimen is placed in a stoppered sterile 
test tube and an equal volume of 3 per cent hydrochloric acid is added 
which contains bromcresol purple as an indicator. The contents of the 
tube arc well mixed with a side-to-side motion (to avoid getting the material 
on the upper tube walls or on the cotton plug) and the specimen is left at 
room temperature for two hours. Then using 3 per cent sodium hydroxide 
the specimen is rendered slightly alkaline to the bromcresol purple indi- 
cator. Add this reagent aseptically and if at any time there is the slightest 
question about the aseptic condition of the tube and its plug flame the 
tube well to within an inch of the upper level of the liquid and insert a 
fresh sterile cotton plug in the tube. Bromcresol purple changes color at 
pH 0.8, but it is used in preference to bromthymol blue since it is difficult 
to determine the pH with bromthymol blue in turbid specimens. 

In case the specimen is a clear fluid (pleural fluid, etc.) it is desirable to 
form a precipitate for the treatment described above which can be done 
at the outset by the use of 2 cc. of 5 per cent potassium alum. Sometimes 
transudates show the presence of a eoagulum. In such cases the clot mav 
be manipulated to free the fluid from it, or it may be digested as noted 
above. Laryngeal swabs are given the hydrochloric acid treatment to 
destroy contaminating bacteria. In the hydrochloric acid treatment the 
tube is centrifugalized following the neutralization with sodium hydroxide. 
The sediment remaining is used for the inoculation of culture media. 

MacNabb inoculates beef infusion broth from each treated specimen 
to check on the elimination of all non-acid fast bacteria. If these cultures 
show growth he retreats the specimen with acid and alkali. If the specimen 
is satisfactory inoculation is made of 0.25 cc. of the sediment on each 
tube of the special media used for the growth of the tubercle bacillus. The 
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substrates he has found most valuable in his work are Dorset’s egg medium, 

and such selective or restraining media a *’ - 1 - e 71 -* — — T 

or Woolley. He finds Lowenstein’s medi 
isolation of human tubercle bacilli and ' * 

suitable for the isolation of tubercle bacilli of bovine origin. The inoculated 
tubes are covered with a rubber cap in addition to the cotton plug and 
they are incubated at 37° for eight weeks before reporting a negative result. 
Other media of excellent reputation are PctrofT’s and Corper’s. 

In view of the length of time involved in these routine cultural pro- 
cedures considerable interest attaches to the rapid culture method recently 
described by Pryce (1941) who smears the material to be cultured on 
glass slides which are dried, placed in Petri dishes, and flooded with 15 per 
cent sulfuric acid for five minutes. The acid is then removed and the 
preparation carefully washed with sterile distilled water to remove the 
acid. Next is added the culture medium which may be equal parts of 
citrated blood and 1 per cent saponin to a total volume sufficient to cover 
the slide (about 10 cc.). The preparation is then incubated at 37° C. 
With positive specimens growth of filaments of acid-fast bacteria recog- 
nizable with 200 magnifications may be expected within a week. Examina- 
tion is made by removing the culture fluid, washing the preparation and 
staining it by the Zichl-Ncelsen method. This method offers promise for 
early diagnosis and deserves further testing, study and improvement. 

' * ‘T ’ *’• *’ *be most delicate and valuable 

* tuberculosis although cultural 
rhe following instructions are 

from MacNabb: 

A. Use healthy guinea pigs which have an area of preferably white skin 
a little over an inch in diameter where a tuberculin test may be done. 

B. One week prior to injection of the specimen do an intracutaneous 
tuberculin test using Old Tuberculin. Inject 0.1 cc. of a freshly prepared 
dilution so that the guinea pig will receive l mg. of Old Tuberculin in this 
amount. 

C. After three days examine for reaction and if negative use the pig 
for the test. 

D. Inject 1.5 cc. of the specimen into the muscles of the left thigh. 

E. After four weeks or later perform a second tuberculin test. 

F. If the test is positive and in agreement with the cultural test, report 
as positive. 

G. If the tuberculin test is positive and cultural result negative, hold 
the report for a further four weeks to determine whether or not the culture 
will be positive at that time. 

II. After eight weeks do an autopsy on positively reacting pigs to 
determine the extent of involvement of the lymphatic glands and spleen, 
and on negatively reacting pigs to exclude the presence of tuberculous 
lesions. 

Both culture and animal inoculations should be done on those specimens 
where a second specimen may he difficult to obtain, as ureter samples, pus, 
spinal fluid, ascitic fluid, etc. 

5, Serological.— The Intradcrmal Tuberculin Test.— One of the most use- 
ful nnd most neglected tests assisting in the diagnosis of tiflicrculo'is is 
the Tuberculin Test. At one time it was taught that practically all persons 
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past the age of puberty were tuberculin positive. Therefore tuberculin 
tests were only of value in pediatric practice. We now know that large 
numbers of young adults not suffering from tuberculosis arc tuberculin 
negative. The figure will vary in different parts of the United States but 
on average 50 per cent of persons under thirty years of age are tuberculin 
negative and even among older persons a very considerable per cent are 
likewise tuberculin negative. It is therefore desirable to do a tuberculin 
test on all persons thought to have tuberculosis. A positive test permits a 
diagnosis of tuberculosis (but does not make it). There is every reason 
to question the diagnosis of tuberculosis in a patient properly tested with 
tuberculin and found negative who is not at the time receiving tuberculin 
therapy or suffering from intercurrent disease involving skin reactivity 
(chiefly rash-producing diseases). The test is best carried out using Purified 
Protein Derivative. The first dose is 0.00002 mg. of tuberculin contained 
in a volume of 0.1 cc. If after three days the reaction is negative the second 
dose of 0.005 mg. is administered, also read after three days. A positive 
reaction is an area of induration greater than 0.5 cm. in diameter read not 
sooner than forty-eight hours after the intradermal injection and better 
on the third day. No reaction should be considered positive on the basis of 
erythema alone; it must be palpable. If Purified Protein Derivative can- 
not be obtained Old Tuberculin may be used, beginning with a dose of 
0.1 cc. of a 1 to 10,000 dilution which may be stepped up ten-fold, usually 
not more than twice in case of a negative reaction. 

Mycobacterium Tuberculosis var. Boris 

The common name is tubercle bacillus, bovine type. The rods are 
shorter and more plump than the human type, ranging in size from 1 to 
1.5 ft. Very short forms are frequently intermixed with somewhat larger 
forms. Stain irregularly. Acid-fast. Gram-positive. Are less easily culti- 
vated than the human variety. The addition of glycerol to the culture 
medium does not enhance the growth of the bovine type. It is the cause of 
tuberculosis in cattle. It is transmissible to man and domestic animals. 
More highly pathogenic for animals than the human type. If 10 mg. 
amounts of moist bacilli are injected subcutaneously into rabbits the 
bovine type causes a generalized fatal infection while the human type 
produces only a localized infection or none at all. 

Other Species of Mycobacterium 

The other members of this genus include 11 species. Of this group 
Myco. paratubercvlosis causes Johne’s disease, a chronic diarrhea in bovines 
not transmissible to man; Myco. avium causes tuberculosis in chickens and 
is transmissible to pigeons, birds, mice and rabbits but only rarely to man. 
Several members of the group cause disease in such cold-blooded animals 
as snakes, turtles, fish and frogs. Other species occur in daily products 
while others have been isolated from plant dust and soil. A form, previously 
known as Myco. smegmatis, now held to be identical with Myco. lacticola, 
occurs on the genitalia of man. It is obvious then that harmless acid-fast 
bacilli occur rather widely in man’s environment and that every' care must 
be taken to ensure that a diagnosis of “tubercle bacilli present” has fully 
considered that fact. 
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Table 71.— Differentiation op the Various Ttpes or AciD-rxsr Organism* 


Mycobacterium iubercirftxia 


Human Bovine 

Nutrient agar 37»C 37* C 

No growth No growth 

4 weeks 4 weeks 


Gljtrrol Gi 
potato agtr 


Susceptibility of- 
Guinea pigs 
Calves 
Rabbits 
foals 
Frogs 


ro*th luxur- 
iant, nodular 
cream cob 

41* C. 


+ + 
4* 

4* 


Growth scanty, 
Unn. grayish 


+ + 
+ + 
+ + 


Aviso 

Cold-blooded 

Saprophyte* 

37* C. 

20* C 


Scanty growth 

Moderate 

Vhundsnt. pi*. 


growth in 

mented growth 

Growth profuse, 

Zcf»>» 

m 7 data 

Growth profu»e. 

Growth abundant 

thin, creamy 

noduiir. 

pigmented, ap- 


cream colored 

pearing as dr> 

bread crumbs in 

7 daja 


7 di)a 

43* C. 

20* C 

20* or 37* C 

+ — 

+ 


+ + 


_ 

+ 



+ + 


— 

~ 

+ + 

— 


Mycobacterium Leprae 

The bacillus of leprosy was discovered in 1874 by Hansen (Ncisser, 1S79) 
in the leprous tubercles of persons afflicted with leprosy The bacilli are 
small slender rods resembling M. tuberculosis in form, measuring 0 2 to 
0.35 m in width by 1.5 to 4.0 /i in length. They arc straight, rarely bent or 
curved, and have pointed ends. Gram-positive and acid-fast, in stained 
preparations they show unstained spaces similar to tho^c of the tubercle 
bacillus. Although several acid-fast organisms ha\e been isolated from 
leprous lesions, none of these, with the possible exception of the bacillus 
of McKinley and Soule, has been definitely proved to be the cau«e of 
leprosy. 

Examination of Materials.— I-cpra bacilli may be demonstrated hv 
microscopic examinations of the various lesions of leprosy. Neither cultural 
examination nor animal inoculation arc of any aid in the diagnosis. 

Xasal Lesions .— The initial lesion of leprosy is often an ulcer of the 
mucous membrane, located at the junction of the lmny and cartilaginous 
septum. Collect swabs or scrapings from this or other nasal lesions and 
prepare smears. If desirable, the patient may be given GO grains of potas- 
sium iodide beforehand to province a drug coryza and increa>sc the nasal 
secretions. 

Skin Issions .— With n sterile safety razor blade, held with the corner 
of the cutting edge over the lesion, quickly make a small incision through 
the thickened area and without removing the razor, change the direction 
of the razor by twisting at right angles to the incision; scrape the mririmi 
with the comer of the razor blade 1’rnni this drop of material on the cortn-r 
of the razor blade prepare films Material may also be obtained In mean- 
of a capillary pipet, a syringe, or by scraping with a scalpel.^ 

1. Microscopic.— Tix the smears obtained and stain by the ZielibNVrU u 
method for acid-fast bacilli. Care must be taken not to carry the dccoloriza- 
tion ton far because tbc lepra bacilli are more easily decolorized than 
M. tuberculosis. The tv pi cal package bundles of Irpm bacilli or organisms 
packed in lepra cells are often found in the na'.d smears. In specimen* 
from skin nodule* the lepra bacilli are found elm fly in the derma, pvdrtf 
in the characteristic lepra cells (called foam evil*) and engulfed in the 
endothelial cells lining (he lymphatics Lepra bacilli nrr ran Jv demon* 
stnible in the anesthetic area of nerve leprosy. 
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CORYNEBACTERIUM 

The genus Corynebacterium , to which the diphtheria bacillus belongs, 
as at present constituted, comprises 2 1 species described as follows: 
“Slender, often slightly curved, rods with a tendency to club and pointed 
forms, with branching forms in old cultures. Barred, uneven staining. 
Not acid-fast. Gram-positive. Non-mot ile. Usually aerobic. No endo- 
” ■ *' -■ " — — J — * AT^in Character- 

,’ies, C. diph- 

• ■ ■ ■ ■' 'ogical agent 

i 'gey denomi- 
This group 
■ and as a rule 

has very little pathogenicity due doubtless to the inability of these organ- 
isms to elaborate toxin. C. pyogenes causes abscesses in cattle, swine and 
other domestic animals. C. enzymicum is pathogenic for rabbits, guinea 
pigs and mice and has been recovered from the lungs, blood and joints 
of man. C. xerose has been isolated from normal and diseased conjunctiva. 
C. acnes, the acne bacillus, resides in acne pustules. Thus w hile diphtheroids 
may occasionally be found in minor inflammatory' conditions their real 
significance is their presence in the environment rendering them frequent 
contaminants of bacterial cultures and making more difficult the recogni- 
tion of the true diphtheria bacillus, which some of them closely simulate. 

Corynebacterium Diphtheria 


irregidar 
Gela 
Loei 
to cre£ 


diameter. Edge may be entire or 


cular, moist, grayish 
with an entire^eage. 


for months 

Metabolism .— Growth at temperatures between 19° and 42° C., with optimum 
production of toxin at£4“ to 35® C., most favorable temperature for vegetative 
development at 37.5 C. Marked preference for oxygen and free access to air is 
essential for the cultivation of most strains. Will grow on simple meat extract 
mediums but does much better on Loeffler’s medium (beef blood serum mixed with 
glucose bouillon in the ratio of 3 to 1, coagulated by heat) or on heated blood agar. 
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Biochemical Reactions .— No proteolytic activity. All strains produce acid, but 

no gas, m dext"''*'* — /»— n.. < * —i.. — iX*- - 

and glycerol. ' * ■ 

indol is not for 


Pathogenicity.— Corynebactenum diphtheria produces a powerful soluble toxin 
The cause of diphtheria in man and through its toxin, it is pathogenic for the usual 
laboratory and domesticated animals, and fowls. Rats and mice are resistant 
unless the toxin is given in large doses. At times the diphtheria bacillus may be 
the cause of conjunctivitis, wound infection, middle-ear infection, and broncho- 
P n "* ' - » * * ’ e (See Table 72.) 

to avirulent van- 

an in color than the 

no . , the granules are 

coarser, with incr ’’ ****•"" ’ ” * ’ 

logical forms of tl 
as dissociation, 
colony appearanc 

picture of the disease have stimulated study of the diphtheria bacillus resulting 
in the recognition of three types, grans, mills and intermedius. In Table 72 (from 
J* W. McLeod, Bact. Rev.) are shown data regarding these three types. 

Examination of Clinical Materials.— From suspected clinical cases of 
diphtheria, collect a portion of the pseudomembrane with forceps or by 
means of a cotton swab. If membrane formation is absent, or in the case 
of examination for carriers, swab over the mucous membranes of the pharynx, 
tonsils, nasal cavities and auditory canals. In the collection of the speci- 
men, avoid contamination if possible by not allowing the swab to touch 
the tongue or any part of the oral cavity, or to come in contact with 
excessive nasal or pharyngeal secretions. 

1. Microscopic.— An immediate presumptive diagnosis can sometimes be 
made. Smears arc prepared from the collected exudate, stained with the 
appropriate stains (Loefiler’s methylene blue or Neisser’s stain) and 
examined for the characteristic described morphology. Since direct smear 
preparations may be negative for C. diphtheria, or show the presence of 
Vincent’s organisms, diphtheroids, and other contaminating bacteria, the 
diagnosis should he confirmed by cultural examination and virulence tests. 

2. Cultural.— (a) llapul Method of Brahdi/.— Brahdy and associates 
described (1034) a modified Folger-Sole culture method for the diagnosis 
of diphtheria in which in 95 per cent of the cases accurate reports can be 
rendered in four hours with a considerable number (SO per cent) possible 
in two hours. Sterile cotton swabs are impregnated thoroughly with 
undiluted, unheated, horse serum to which no preservative has been added. 
The swabs arc then squeezed lightly against the sides of the tube to remove 
any surplus serum. They are removed and rotated by the fingers in a 
flame to secure at least surface coagulation of the serum and possibly to 
destroy any serum antibodies. The**? swabs are then utilized totahe the 
ordinary routine nose and throat cultures of the suspected case. They are 
then placed in dry sterile tubes in the incubator and examined at the end 
of two and four hours by smear preparations. At the end of four hours 
lioefller’s slants may Ik? inoculated from these swabs for isolation, control 
and subsequent identification. 
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(b) Conventional Method .-- The swab obtained from the patient is used 
for the immediate inoculation of a slant of Loeffler’s serum which is incu- 
bated at 37° C. for eighteen to twenty-four hours, or shipped at once to a 
distant laboratory for study. Following inoculation of the Loeffler’s slant 
the swab may be spread (by rolling) across the surface of a slide for direct 
stain examination. 

It may also be desirable to inoculate a blood agar plate for incubation 
at 37° C. for twenty-four hours. This will provide information on the 
general bacterial flora of the area swabbed, particularly streptococci, and 
will give opportunity for notation of colon}’ form and for single colony 
isolation of diphtheria-like bacilli. The inoculation of a plate of McLeod’s 
chocolate-tellurite agar or of Fraser’s cystine-tellurite-unheated blood 
agar will provide a means for the study of the gravis, mitis and intermedins 
types. (See Table 72.) 

If typical diphtheria bacilli are found, and the culture is from a sus- 
pected case, a presumptive diagnosis should be made at once In the 
examination of cultures from suspected carriers, diphtheria-like bacilli 
should be further identified by fermentation and virulence tests. The main 
differences between species important for man as revealed in culture are 
tabulated below: 

Dextros* Sucrose Dextrin Hemolysis \milence 
C. diphtheria + — + Beta + 

C. pseudodiphthenmm — — — — — 

C. xerott . + + — — — 

It should be remembered, however, that there are avirulent strains of 
C. diphtheria and that there are diphtheroids other than Hoffmann’s bacillus 
and C. xerose which ferment dextrose but fail to ferment sucrose. 

3. Animal Inoculation (Confirmatory Virulence Test).— This is the only 
certain method by which the identity and virulence of C. diphtherias can 
be confirmed, or by which it can be distinguished from non-virulent variants. 

(a) Guinea Pig Test.—C. diphtheria is the only known species of the 
genus Corynebactcrium which produces a fatal toxemia in guinea pigs. 
Either the subcutaneous or intracutaneous test may be employed. 

(1) Subcutaneous . —Inject 2 cc. of a pure culture grown for forty-eight 
hours in infusion broth, or 4 cc. of a suspension of a Loeffler’s slant growth 
in 10 cc. of saline, subcutaneously into a 250-gin. guinea pig. At the same 
time a similar injection of the culture is made into a control guinea pig 
which is given 250 units of diphtheria antitoxin intrapentoneally twenty- 
four hours previously. If the organism is a virulent diphtheria bacillus, 
the unprotected animal will die within three to five days, and on post- 
mortem, show local edema and enlarged hemorrhagic adrenals, whereas 

' ... . lit 

h has been injected 
twenty-four hours 

previouslv. The growth from a twenty-four hour 1-oe filer s slant is sus- 
pended in 20 cc. of normal saline, and 0.15 cc. are injected into the shat cn 
abdominal skin of each guinea pig. ^ indent strains of diphtheria bacilli 
produce a local circumscribed infiltrated lesion w hich shows a characteristic 
superficial necrosis in two or three days. The site of inoculation on the 
protected animal appears normal. Sesernl tests may be carried out using 
one pair of guinea pigs by this method. 
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(6) Frobisher's Chick Test . —Frobisher (1910) showed that subcutaneous 


avirulent strains or with C. serose or C. ]>scudodipkthcricvm they were 
completely resistant. Diphtheria virulence has customarily been demon* 
st rated with guinea pips (and rabbits) in which the npc factor is less 
important and the general nil around lalmratorv usefulness greater than 
in the case of the chick. On the other hand rodents may not always lie 
available and this alternative procedure is to he recommended. The method 
is to inject 0.5 to 1.0 cc. of a forty-eight hour broth culture into the su!k 
cutancous areolar tissues over the insertion of the right wing of one chick. 
Another chick prepared by the injection of nntitoxin (50 to 100 units) 
about one hour before the culture is to be tested is necessary to properly 
control the test. The chicks unprotected by antitoxin which receive virulent 
cultures of C. diphtherix will sicken and die in one. two or three days with 
few' exceptions (2.1 per cent in Frobisher’s scries) and these will die in a 
few days more. The few which li\e five to eight da\s will show definite 
wing paralysis by the third day so that positive results arc reportable 
within the usual three-day period. 

4. Susceptibility Test— The Schick Reaction.— Tliis test gi\es an indica- 
tion of the presence or absence of immunity to C. diphtherix. Diphtheria 
toxin is diluted with normal saline previous to use so that out* dose 0/50 
m.l d ) is contained in 0.1 cc. Part of this diluted toxin is heated to 75° C. 
for five minutes, to serve as a control. 

Technic of Test .— Stcrilire the flexor surface of one arm anil inject 
0 1 cc. of the unheated toxin into the superficial lajcrs of the skin (intra- 
dermaf). resulting in a definite wheal. A control injection of 0.1 cc. of 
heated toxin is made on the flexor surface of the opposite arm. Observa- 
tions are then made daily for several days, the readings on the fourth 
day giving the best differentiation between the various reactions. 

Types of Reaction.— (a) Negative Reaction. —No redness, or infiltration 
in either arm. 

( b ) Positive Reaction.— No reaction in the control arm. In the test 
arm a circumscribed slightly raised area of redness, 1 to 2 cm. in diameter, 
appears in twenty-four to thirty-six hours, reaching its maximum develop- 
ment on the third or fourth day. This lasts for se\cn to fifteen da.xs, 
gradually fading to superficial scaling and persistent brownish pigmenta- 
tion. 

(c) Negative Pseudorcaction .— An erythematous reaction of the allergic 
type, developing equally in both arms. It appears earlier, six to eighteen 
hours, is less sharply circumscribed and less intense than the positive 
reaction, and usually disappears by the fourth day. 

(d) Positive Combined Reaction .— The reaction on both arms has the 
appearance of a pseudoreaction during the first twenty-four hours. After 
twenty-four to thirty-six hours the reaction in the test arm continues to 
develop, while the control commences to fade. By the third or fourth day 
the difference between the test injection and the control is usually quite 
distinctive. 

Positive and positive combined reactions indicate susceptibility to 
diphtheria, while negative and pseudoreactions indicate sufficient immunity 



THE SPIROCHETES 


511 


to protect from all ordinary risks of infection. Adults showing the positive 
combined reaction must be given special attention when immunized with 
diphtheria toxoid. . In general toxoid should not be given persons over 
eight years of age without preliminary test to see what reactions if any may 
be encountered but such precautions will be found particularly valuable 
in dealing with the individual who has shown a positive combined reaction. 
Such preliminary test consists of the intradermal injection of a fraction 
of the proposed dose with observation of results before the full dose is 
administered. 

THE SPIROCHETES 

The term “spirochete” has been loosely applied to a large group of 
flexible, motile, non-flagellated, filamentous, spiral organisms, many of 
which are saprophytes or commensals and some of which cause serious 
infections in man and Ic * .1 

the causative agents of 
and other diseases. I . 0 . " * ’ 

classified under the order: Spirochxtales. The organisms of this order are 
defined as follows: “Protozoon-like in certain characters. Cells usually 
slender, flexous spirals; multiplication of cells by transverse division; no 
conclusive evidence of longitudinal division. Motility often characteristic 
but without polarity.” There is a single family, namely Spirochxtaccx, 
organisms of which have the same characters as those of the order There 
are 6 genera: namely, Spirockxta, Saprospira, Crist is pirn, liorrelia , Trep- 
onema and Leptospira which are differentiated as indicated in the following 
Key. 

Key to the Genera of Family Spirochtetacem 

A. Cells 45 to 500 u long forming a helix with large, irregular or inconstant 
coil. Altered but not disintegrated by 10 per cent bile salts. 

1 . No crista or ridge. 

(а) Protoplast wound spirally around a well defined axis fila- 

ment. No obvious periplast membrane and no locculation. 
Fresh water and marine forms especially in the presence 
of IIjS. Genus I. Spirochxla. 

(б) No evident axis filament. Distinct periplast membrane. 
Found in Foraminifcra ooze. Genus II. Saprospira. 

2. Crista or ridge present. Periplast membrane demonstrable. Axis 
filament and locculation seen when stained. Parasite in Mollusks. 

Genus III. Crislispira. 

B. Cells 4 to 15 tx (rarely up to 40 m in Leptospira). Commonly disinte- 
grated by 10 per cent bile salts. 

1. Open irregular coils; stain readily with aniline dyes other than 
the Gicmsa stain. Parasitic, many pathogenic, some transmitted 
l>y arthropods. Actne lashing movements and slow rotation 

Genus IV. liorrelia. 

2. Close, permanent coils; diflicult to stain with aniline dyes other 
than the Gicmsa stain. 

(<i) Pitch of coils about 1 n or slightly more. Mo\cmcnts show 
bending and rotation. Disintegrated by 30 per cent saponin. 
Parasitic and many pathogenic to mammals 

Genus V. Trejxmrma. 
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( b ) Pitch of coils about 0.5 ji or slightly less. Movements rapid, 
spinning and intermittently active lashing. One or both 
ends recurved. Resistant to 10 per cent saponin. Some 
parasitic and pathogenic to mammals, others found in 
water. Genus VI. Leptospira. 


BORRELIA 

The genera Spirocheta, Saprospira and Cristispira are made up of large 
saprophytic forms which have no medical significance. It may be men- 
tioned, in passing, that the genus name Spirocheta was used by Ehrenberg, 
in 183S, in connection with the species Spirocheta plicatilis and hence was 
never free for use in naming the altogether different form causing syphilis 
and incorrectly named Spirochete pallidum or Spirocheia pallida in 1905. 
The genus Borrelia includes 15 species described as: “Small, parasitic, 
spiral forms; flexible, with terminal filaments. The spirals are large, waxy, 
three to five in number.” Six species cause relapsing fever: Borrelia 
recurrently, B. duttonii, B. hochii, B. noryi, B. berbera, and B. carteri. 
B. vincentii is associated with Vincent’s angina and other fusospirochetal 

infections. B. refringens, a harm’ * ** * 1 * ’ 

of man and may be mistaken for 
B. gallinarum causes septicemia 

the genus are responsible for minor diseases in lower animals. 

Relapsing Fever 

Various closely related and clinically identical relapsing fevers, char- 
acterized by an initial febrile period of three to ten days followed at inter- 
vals of one to fourteen or more days by successive relapses of shorter dura- 
tion, occur in many regions of the world as shown in Figure 40. The 
causative organisms of these fevers are morphologically similar, and their 
differentiation is based largely on immunological differences, and probably 
on differences in pathogenicity for lower animals. Six species are described 
in Bergey’s Manual. These include B. recurrent is, the agent of European 
relapsing fever, which was described by Obermeier in 1873; also B. duttonii 
(Central Africa), B. hochii (East Africa), B. berbera (Xorth Africa), 
B. carteri (India) and B. noryi (America). 

Borrelia Recurrentis 


is <.&.**•« v.1,^,1 — J »: ./ _ . 


. -’V , V 'S 11 uue io biretcmng of anal filament by pressure of con- 

rapidly in either direction and move in either 
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paraffin oil seal. Also grown on semi-solid scrum agar bv Kliglrr and Ilol'crl'on 
(1922). 

Resistance .-—' Ten per cent bile salts cause disintegration, 10 jv- cent saponin 
immobilizes organisms in thirty minute**, and breaks them tip ti. a few hours, 
sometimes leaving axial filaments bare. Resistance to heat an 1 cold \ariabje, 
remain alive some time at 0° C , killed quickly at CO* C 
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In the United States 0. turcata, and in Panama 0. talaji, have been incriminated 
as vectors of relapsing fever spirochetes. 

Examination of Clinical Materials.— The diagnosis is made easily by 
the examination of blood collected during period of initial fever or during 
a relapse. It should be noted that a single dose of arsphenamine or its 
derivatives may sterilize the blood. 

1. Microscopic.— Collect blood from the finger or elsewhere and examine 
fresh undried preparations with darkfield illumination to observe the 
organisms in motion. Also prepare thin and thick films stained with 
Wright’s or Giemsa stains. Unless care is taken in making these stained 
preparations, the spirochetes may be distorted and the spiral shape partially 
obliterated. Granular forms may occur at the end of the febrile paroxysm. 
It is important to remember that artifacts resembling “spirochetes” may 
be produced in norma! blood by improper handling. The organism may 
be demonstrated in tissue sections stained by silver impregnation methods. 

2. Culture.— Cultivation is not a practical routine diagnostic procedure. 

3. Serological.— Lowenthal’s reaction may be of assistance when the 
patient is seen in the apyrexial period and no spirochetes are demonstrable 
in the blood. In this test a drop of blood from the patient is added to a 
drop of blood containing spirochetes and observed for thirty minutes. If 
the patient has relapsing fever the spirochetes may lose motility and 
become agglutinated. 

4. Animal Inoculation.— Inject 0.2 to 0.5 cc. amounts of the blood intra- 
peritoneally into white mice or rats. Collect blood from the animal’s tail, 
each day for twelve days, and examine microscopically for the typical 
spirochetes. 

Bon-elia Vincentii 

The spirochetes of Vincent’s angina and related infections, named 
Borrelia vincentii, are commonly found in the lesions of Vincent's angina, 
stomatitis, gangrenous ulcers and wounds. As similar organisms also 
occur in the apparently normal mouth and in other parts of the body, it 
is not certain whether they are the cause of pathological lesions or are 
secondary invaders. In such lesions they are usually associated with the 
so-called fusiform bacilli of Vincent’s angina and various other micro- 
organisms. The fusiform bacillus has been classified in Bergey’s Manual 
(1939), under the genus Fvsobaderium, but there is still some question as 
to whether it may not represent a developmental stage of the spirochete 

Be— 1 - W -i„_ v n - J ,r -• ‘ e *. ’ 

rince 

4 to • . 

regul 

as the fusiform bacilli, but are colored uniformly. They are Gram-negative. 
They have been cultivated under anaerobic ‘conditions by Tunnicliff at 
37.5 C. on ascitic agar slants in which bacilli appeared before the fifth 
day and sptnlla later. 



BORRELIA 


Ftisobacterium plauti-vincenti, also known as Bacillus fusiformis, which 
is associated with Borrelia rinccntii in Vincent’s angina and related infec- 
tions, is classified in Bergey’s Manual (1939) under the order: Eubactcnalcs, 
family: Baderiacex, genus: Fusobacterium. 

This genus is defined as follows: “Gram-negative, anaerobic rods usually 
with tapering ends. Usually motile; stain with more or le c s distinct gran- 
ules.” According to Zinsser and Bayne*Jones (1939), Smith classified the 
fusiform bacilli in three types according to morphology, as follows: 

“Type I.— This is the large fusiform bacillus found in Vincent’s angina. 
Length 3 to 30 p, width 0.6 to 0 8 n- Ends tapered and pointed Actively 
motile in materials from lesions and in some young cultures. Produces a 
rancid odor in cultures. It is suggested by Smith that this fusiform bacillus 
is identical with the so-called Spirochxta l/uccahs. Has a double contour 
in darkfield illumination. It is susceptible to arsenic " 

“Type II. — Very similar to Type I, thinner (0 3/i« ule), appearing in a 
single line in darkfield illumination. Actively motile when taken from 
lesions. Susceptible to arsenic. Smith suggests that in its spiral form it 
may be identical with Vincent’s spirochete ” 

“Type III.— Small straight form 2 to 5 pi long, 0 3 to 0 4 /x wide. Aon- 
motile. Common in lung abscesses and chronic bronchiectasis 

Examination of Clinical Materials.-Collect fresh material from the 
ulcerative or other lesions jvith a sterile platinum loop and make prepara- 
tions for microscopic examination. . . 

1. Microscopic.-Examine fresh material by darkfield illumination, and 

fixed films, stained with Loefiler’s methylene blue, e*J r boIfuchsm, V> right s 
or Giemsa stain, for the typical spirochetes and fusiform bacilli. I he 
spirochetes are usually slightly longer than the bacilli, and the undulations 
are shallow, irregular and variable in number. They stain uniformly out 
less intensely than the bacilli which characteristically show deeper color 
at the ends, and barring or banding in the centers. . 

2. Cultures.— As noted above the organisms can be grown in culture 

under anaerobic conditions but ns a rule the routine diagnosis is iase on 
microscopic examinations alone. . . ... 

3. Animal Inoculation.— Not used as a routine diagnostic procedure. 

Related Borrelia of Birds and Lower Animals 

Species of Borrelia morphologically similar to those responsible for the 
relapsing fevers of inan have been observed in a wide • 't 

of birds and lower animals, in different parts of the wo < • • nficctimr 

able that at least some of these may be identical with «c -P . 

man and that certain of the lower ammal hosts m. „ 

reservoir for the agents of the human disease- . . , 

A representative disease of fouls is the spirochetosis of clnckcns«u^l 
by B. gallinamm which occurs chiefly m South Amen • • . 

normally transmitted by ticks, Avgas pcrsinjs, an o . infection 
transmit the infection through the egg to their young. • ^ fr j ca 

of geese which has been observed especially in Russia 

be differentiated fro m the 

relapsing fever by differences in pathogenicity . B. an 
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ally infect mammals, but is more pathogenic for birds, and the mammalian 
forms do not infect birds It has also been suggested that the avian forms 
constitute a separate group based on cross-immunity tests. Normally 
recovered birds are immune as long as the serum contains antibodies. 
Species affecting cattle, horses and other animals, including B. theiUri are 
also morphologically like B. recurrentis, and are transmitted by ticks. 

The wide distribution of these organisms in nature makes it important 
to carefully evaluate the results of animal inoculations made for the 
identification of the spirochetes present in human cases of relapsing fever. 

TREPONEMA 

. The Treponema are characterized as: “Parasitic and frequently patho- 
genic forms with undulating or rigid spirilliform body. Without crista or 
columella. With or without flagcHiform tapering ends." According to 
Bergey’s Manual the genus Treponema is made up of 8 species: G of these 
are of little or no medical significance, hut may he confused with the two 
important species, namely TV. pallidum, the cause of syphilis, and TV. 
perfenue, the etiological agent of yaws. 

Treponema Pallidum 

Habitat.-' 1 The infected tissues and blood of individuals infected with syphilis. 

W '"' •* n '• l • • (l - - .* ’ V’ 6 to 14 It 

■ _ : ■ nts. Body 

; * _ _ ' ’ about I n 

■ ' " • ' *,ial filament 

not demonstrated and protoplasm appears homogeneous. No crista or undulating 
membrane. Motile but does not progress far, chiefly rotational with undulations. 
Division transverse. Not filterable. 

Staining.— Can be demonstrated in smears with special stains of Romanowsky 
type such as Giemsa and Wright’s stains; the 1 .evad'd i silver impregnation method 
is useful for demonstration in tissues. Darkfield illumination is used for routine 
demonstration of treponema m lesions. 

Resistance.— Spirochetes from syphilitic lesions rapidly immobilized and later 
fragmented by distilled water, or 10 per cent saponin. Killed by drying one hour, 
by heat at 39° C. in five hours, 40° C. in three hours, 41° C. in two hours, or 
41.5° C. in one hour. Completely disintegrated by 10 per cent bile salts. Resists 
trypsin digestion many days. 

Culture —Difficult and not used routinely in the diagnosis of syphilis. The 
organisms may be grown under anaerobic conditions in Noguchi’s ascitic fluid 
agar or liquid medium in a deep tube containing fresh tissue, but it appears that 


PatJuJemejfy.— Syphilis occurs naturally only in man. Infection can be produced 
experimentally in apes, monkeys, rabbits and guinea pigs. Rabbits are most com- 
monly used m the laboratory'. 

Examination of Clinical Materials.-The laboratory examinations coin- 

raonly used as aids — *' - 

microscopic demons * . 

procedures such as 

tests. * 
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Treponema Fertenue 

Tr. periaiuc, the spirochete of yaws, is so similar morphologically to 
Tr. pallidum that it cannot be differentiated by the usual microscopic or 
serological examinations. The spirochetes are demonstrable in material 
from the cutaneous papules and ulcerations; the Wasscrmann test is 
usually positive and the di-case is cured more rapidly than is syphilis by 
arsphcnamine. 
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is however mucli reason to see in them all a rather common biological 
etiology which is conditioned in the different diseases by the habit' of life 
and geographical environment of the persons concerned Light mav be 
thrown on this debatable point bv the pie-ent war u h ich is affording an 
increasing number of competent observer* opportunity to study two, or 
even all three, of these diseases first haiv* 


Treponema Carateum 

A species of Treponema, morphologic .rib identical with Tr pertenue and 
Tr, pallidum is the etiological agent <>* I'intJ, a disease whose manifesta- 
tions are dermatrophic and which ovctti-* »n part* of Central and Northern 
South America. Known as ! Tr. caraU m t hi-» species is of interest because 
of the presence in Pinta of a positive W.iw nnann. 


Organisms of t!ie genus Leptospira nr*, defined as. “Parasitic forms 
Slightly twisted cylinders with flagelliionn tapering ends, one extremity 
being sharply curved into a hook." There are 4 species, ns, L. bifiexa, 
an organism isolated from pond water, l uteroides, which was for a time 
thought to be the cause of yellow fever, L hebdomadis, etiological agent o 
Japanese seven-day fever; and L icU ruhxmorrhagise, which incites infec- 
tious jaundice. .... . , , 

] n f ect - . • - • * *■ which is widely 

ilistribut ' ■ ' sed with another 

form of ' . ,• whose mode of 

transmission is not yet’certninly known. 'Veil's disease is “ost likely o 
occur in dump, rat-infested places such os mines, old warehouses ana 

and trenches as used in World War I. hinny outbreaks base cen . 
ated with war and the disease lias a certain occupational aspect, ine 
leptospira concerned is transmitted from the rat to roan t roug 1 
mental contamination by infective rat urine. 

Leptospira Icterohseraonhagize 
//flJto.—The organs, including the blood and kWnej^jJ^nfccted 

the blood, liver, ndrenal glands, kidneys and urine o p 
jaundice. , qcjz * 0 q 3 u in width 

Morphology —The spirochetes are cylindrical ms “ Q(e j ends. Spiral 

by 6 to 9 fi, and exceptionally 20 to 25 pm length, P<> Wares, one or 
amplitude 0 4 to 0 5 regular rigid, spiral depth 0.3 * gpace one or both 
more gentle wavy curves throughout entire length. .. t j w or g an i s jn appears 

ends may be semi-circularly hooked, while in semi-so Neither axial filament 

serpentine, waved or bent. The flexibility is most stnw . g* . /Ligella absent, 
nor membrane recognized. Chambered structur , ^ ca d portion n ell 

Terminal finely spiral filament not recognized Ilign V Easj]y distinguished 
developed in the last six or eight spirals. Division J? ^ an d W candles. 

from Treponema and Borrdia. Filterable through lierKeie Gtcmsa 

Staining. — Membrane not recognizable. Isouy 
solution. „* . r< on liquid or semi-'ohd 

Culture.— Grows under aerobic conditions at , . serum and a trace 

media containing low concentrations of protein .pi , 

of hemoglobin. 

Resistance. — Com plete 
to 10 per cent saponin. 
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Pathogenicity.— The natural animal reservoir is the rat. About 4 per cent of 
rats in New York found infected, in Japan 40 per cent. The leptospira are dis- 
charged in the urine and transmitted to man through contact with contaminated 


Serology .— Recox ery from an attack of Weil's di«ea«e usually confers lasting 
immunity. Antibodies including agglutinins and lysins are prcxluced. Immune 
serum mixed with spirochetes and complement causes rapid lysis of the organisms. 

Examination of Clinical Materials.— Specimens of blood, urine and 
serum should be examined. The spirochetes are most abundant in the 
blood during the initial period. Decreasing in the icteric stage they may 
not be detected late in convalescence. In the urine, however, the organ- 
isms are scarce early in the disease becoming more abundant during the 
icteric and convalescent stages. During the latter periods the lytic anti- 
bodies reach their highest concentration in the blood. 

1, Microscopic.— Examine fresh preparations of blood and of centrifu- 
galized urine with darkfield illumination, also films stained with Wright’s 
or Gicmsa stains, for morphologically typical leptospira. They may be 
difficult to find. 

2, Culture.— Inoculate blood and urine specimens into tubes of a suitable 
medium and incubate at 25® to 30° C. Larson* recommends Verwoort’s 
medium, but states that Ringer’s solution containing 5 to 10 per cent of 
serum (preferably human or rabbit) is perfectly satisfactory. The Lepto- 
spira grow best at the surface and in a zone extending about a centimeter 
below the surface w here they often form a hazy, grayish ring. 

3, Serological.— Larson recommends an adaptation of the Schuffner- 
Mochtar agglutination-lvsis test for the demonstration of antibodies in a 
patient’s serum against Lept. icterohxmorrhagise . The serum must be 
obtained and handled aseptically. It is diluted in sterile Wasserraann tubes 


one row of depressions on a sterile porcelain spot plate are mixed equal 
parts (0.1 cc.) of the serial serum dilutions and culture of Lept. ictero- 
hxmorrhagix to give final dilutions from 1 to 10 to 1 to 1,000,000. In a 
second row the same serum dilutions are similarly mixed with Lept. canicola, 
a form closely related to Lept. iderohxmorrhagize, found in dogs and some- 
times in man. 

The plate with its twelve spots per serum (plus suitable controls) is 
incubated at 32° C. in a large Petri dish containing wet filter paper to 
prevent evaporation from the 0.2 cc. of serum and culture in each spot. 
After four hours incubation each spot is examined. This is accomplished 
by transfer with a loop to slides on the darkfield microscope of a drop 
from the spot to be checked upon. Strict attention must be paid to two 
details: (1) No cover slip is applied to the drop to be examined; and (2) 
low power magnification is used. A positive test is characterized by the 
appearance of well-marked agglutination in the spots of greater serum 
concentration with lysis in one or more drops of next greater dilution and 

• National Institute of Health, Bethesda, Md. 
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with, finally, neither lysis nor agglutination in the remaining drop 3 of 
greatest dilution. The end point is the highest dilution in which there is 
lysis. Significant titres are 1 to 100 or over. Some workers use formalimzed 
cultures of Leptospira. In this case lysis does not take place and the end 
point is the highest dilution showing complete agglutination 

4. Animal Inoculation.— Inoculate blood and urine specimens sub- 
cutaneously or intraperitoneallv into white guinea pigs. In the case of 
positive specimens fever usually develops within a day and persists until 
shortly before death, which occurs in four to ten days. The leptospira 
appear early in the blood, both extracellularly and within the leukocytes, 
and later in the urine. An intense jaundice develops late in the disease. 
After death the organisms can be found in the adrenals, In cr and hidnej s. 
Protection tests are also made use of in which the unknown organism or 
serum is identified by the known serum or organism affording or obtaining 
specific protection in a susceptible animal. 

THE SPIROCHETE OF RAT-BITE FEVER (SODOKU). 

Sodoku or rat-bite fever is a spirochetal infection, first recognized in 
Japan, which occurs in many regions of the world. It should not he con- 
fused with Haverhill fever which is similarly transmitted and has been 
called rat-bite fever, but is associated with Streptobanllus moniliformis 
There has been much confusion as to the classification of the spirochete 
which causes Sodoku, and it has been designated as Spirochxta momts 
muris, Dorrelia muris and Spirillum minus. In Bergcy's Manual (1030) 
it is not included with the pathogenic spirochetes under the genera, llor- 
relia, Treponema or Leptospira, but is listed following the genus Spirillum, 
of the Family Pseudomonadaccx, as an “additional species mentioned in 
the literature.” However, as indicated by Zinsser and Baync-Joncs (1039) 
Spirillum minus has many characters which justify its classification with 
the other disease-producing spirochetes. 

Spirillum Minus 
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Examination o! Clinical Materials.— The specific diagnosis of Sodoku 
depends on the demonstration of Sp. minus in infected materials. Collect 
specimens of blood, exudate from the local lesions of the skin, serum 
from exanthematous patches or lymph nodes or ground up tissue excised 
from lesions. 

1. Microscopic.— Examine the fresh material microscopically by dark- 
field illumination; also prepare and examine films stained with "Wright’s 
or Giemsa stains. The flagella can be stained best by the Tribondcau- 
Fontana silver stain. 

2. Cultural.— Xo methods available. 

3. Serological.— A so-called “immobilization test” may be used in which 
patient’s serum mixed with animal blood containing spirilla causes the 
organism to lose motility. However, as this test is uncertain and often 
negative it is of value only as a confirmatory test. 

4. Animal Inoculation.— Inoculate portions of the various specimens into 
at least 2 guinea pigs and 4 white rats. The injection should be made both 
subcutaneously over the abdomen and intracutaneously in the genital 
region. Observe the animals for infections, and examine lesions and blood 
microscopically for Spirillum minus. 

OTHER BACTERIA 

I. The Genus Lactobacillus.— Fifteen species of Gram-positive, micro- 
aerophilic to anaerobic bacilli belong to the genus Lactobacillus. They are 
non-motile, medium sized rods which ferment “carbohydrates,” always 
producing lactic acid. Lactobacilli are able to withstand a degree of acidity 
usually fatal to non-sporulating bacteria. This characteristic may be 
made use of in their isolation as well as in their identification. They are 
often called the “aciduric group.” Aciduric bacteria are of interest to us 
as possible incitants of dental caries, as important bacteria of the normal 
bowel and other body cavities, and because of their occasional use thera- 
peutically. Lad. bifidus and Lad. acidophilus are found in the normal 
bowel. Doderlein’s bacillus, a common constituent of the flora of the vagina, 
and the Boas-Oppler bacillus, from the gastric contents, are closely related 
to Lact. acidophilus. Lad. bulgaricus is an organism found in milk products. 
In many parts of Europe, Asia and Africa the natives use soured milk 
products, such as leben, yoghurt, matzoon and keffir. These products 
conserve milk and benefit health. They contain Ladobacilli and are the 
forerunners of modem Acidophilus therapy. 

II. Alcaligenes Fmcalis.— Another bacterium ordinarily harmless which 
on occasion invades the body to produce disease is Ale. fzcalis. It is a 
Gram-negative form morphologically similar to Ebcrthella tpphosa. It 
ferments no sugars and hence is easily distinguished from the Entero- 
baderiaeex. 

III. Chromobacterium Violate urn.— The three species of the genus 
Chromobacterium produce a violet, chromoparous pigment, soluble in 
alcohol but not in chloroform. These species are found in soil and water 
but Chr. riolaceum is not infrequently encountered in abscesses and Soule 
has presented a careful study of two fatal human cases. Gram-negative. 
Motile. Gelatin liquefied. Indol — . 

IV Non-Spore-Forming Anaerobes. — There is a large group of non- 
spore-forming anaerobic bacilli usually Gram-negative. Found normally 
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ns inhabitants of the tipper respiratory trai t, genital tr.n t ami «whm thc\ 
may nt timet Ik* associated with ulcerative process and even invade the 
tK-iUci and orpins ctf the body producing nb-.ccsscs or the Mood stream tn 
give ri*e to septicemia, Generally neglect rd in rout in** b irteriologicai 
studies these bacteria may lie present in “sterile pit*-' from surgically 
drained abscesses. I)nck has rcjtortrd that d.Sd per i cut of SI SO specimens 
submitted for bacteriological examination in the Department of Surgery 
at Hillings Memorial Hospital, Himcrrity of Chicago, 19'ib-liUO. contained 
tum-sportdating anaerobes. More detailed information may he found in 
ins monograph (1010). This group includes lmth cocci and bacilli which 
obviously licar a variety of names. They probably do not specifically cause 
any important disease condition but they participate in and complicate 
many inflammatory processes such as ulcerative stomatitis (sec Ilorrdui), 
appendicitis, lung, ]K a l\ic and hepatic abscesses, pulmonary gangrene, 
pticrpcntl sepsis, focal infections of the kidneys and chronic ulcerative 
colitis. Increased emphasis should be placed on anaerobic culture of clinical 
materials. This particular grouj) is not particularly easy to study because 
they do not form spores and lienee cannot he separated from non-spore- 
bearing aerobes simply by beating ns can lie done with the genus Clos- 
tridium. . . 

V. IJstereUa Monocytogenes.— The genus Listrrclla containing one 
species is made up of small, non-xpore-fnnmng, Gram-positive rods, moti c 
hy means of a single terminal flagellum. They arc aerobic to imcroaerop 11 1 
and grow readily on ordinary media. It has been suggested that tins 
species is the cause of infectious mononucleosis. It does cause lesion 
the organs, blood and cerebrospinal fluid of rabbits, sheep, cattle, low => 

VlTstreptobacUlus Moniliformis.— Among the ‘'miscellaneous species of 
rod-shaped, non-sporc-forming organisms wdiose taxonomic position »M 
yet undctermineil” is StrcpUacillus vwmhfonnis repirdeil as identica 

with II aver hill in multiformis isolated by Parker and N. * * ; J* 1 M as ? 
an outbreak of “erythema orthritieum cpidcmxcum m 
The organism is a Grain-negative bacillus of varia e s '^ e f* n , , _ , asc ft; c 
best under reduced oxygen tension and m the pres « ' possible that 

fluid. The organism has been found m mice an ra p j, e t h; s 

the “strcptotlirix” report^ II. 

species. Its patbogenicitj for rats is , iiovmtiu^uu^ ,, ;t produces 

r *' - nasoph: 

cnic in 

dated with or give rise to another roicroSrganisms of pleuro- 

posscsses many properties "^„Tthis point and of the 

pneumonia and agalactia. For “, f . nono graph of Sabin (1941) should 
&"S°^fX P uronneumonia group is of considerable importance 


media may in two to seven days pi^ 
for their demonstration, 
relation of the “L” form 

VII. Bartonella Bacillus— - ■ 


>uitable solid 
. , u a hand lens 
- -'-vfl.r because of the 



BACTERIA OF MEDICAL IMPORTANCE 


521 


Fi:LKCTi:P BIBMOGIUPIIY 

I. Blair, J. V The Pathogenic Staphylococci, Ilact. Rev., 3, 97-140, 19 PJ. 

2 Dumimi, H. I’ • The Meningococcus, Bact. Rev., 4, 59-90, 1010 

3. Branham, 8. K.: The Meningococcus. Diagnostic Procedures and Reagent*, American 
Public Heillli Association, 1st cd , pp *-0 84, 1911. 

4. Breweh, J. II ; Clear Liquid Mediums for the •‘Aerobic’' Cultivation of Anaem!**. 
Jour. Am. Med. Assn., 115, 598-600, 1910. 

5. CAtirrsTEn, C, M.. The Gonococcus. Diagnostic Procedures and Reagent*. American 


227-259, 1910. 

0. DunAN-UETNAta, F.! Tissue Pcrmeabiliiy and the Spreading Factor* in Infection, 
Bact. Rev , 6, 197-252, 1012. 

10. Edward*. I*. It , and Bruner, D. \V.' Serological Identifiration of Salmoneil ' i Cul- 
tures, Station Circular 51, Aerie Exper.Sta , University of Kentucky, 35 tugei, 1912. 

11. Edward*, P. It . and Bruner, D. IV : The Occurrence and I)i«tri)wt»on of fW. 

” *«• 07,1913 

■ Diagnostic Procedure* and 
I-SS0.1M1. 

■ ■ • , T.: The Use of Chick* in 

Testing the Virulence of Con/nel^dcnum «fi;AtAmx, Am Jour. Jlyg., 35, 381-3*5. 1912. 


Enterotonn, Food Research. 7. 414-419, 1912 


of Hemolytic Streptococci, The Ilancy lecture*. 1910-1911, Her. XXXVI, pp 251-290, 1911. 

22. Livrov, R W . The Chemistry and Serology of the Vibrio*, Bact. Rev., 4, 261-319, 
1910 

23 MacNabb, A. L * The Tubercle Bacillus, Diagnostic Procedures and Reagents, 

’ ' 1911. 

'mis. Diagnostic Procedures and 
112-125, 1911. 

W.: Early Dia gnosis of Wound 

Infection, Lancet. 1, 355-3C0, 1913 

26. McLeod, J. IV . The Types Mttu, Intermedium and Gran* of Con/hrbacttrium diph- 
theria, Bact. Rev , 7, 1—11, 1943 

27 Neter, E The Genus Shigella (Dysentery’ Rnd Allied Species), Ract Rev , 6, 1-36, 
1912. 

2S Parr. L W ^ Coliform Bacteria. Bact Rev., 3, 1-48, 1939. 


Medicine, J, 493-510, 19 11. 

32. Robinson, E. S The Pneumococcus , Diagnostic Procedures and Reagents American 
Public Health Association, 1st ed , pp 105-184, 1941 

33 Sabin. A B The Filterable Microorganisms of the Pleuropneumonia Group. Bact. 
Rev., 5, 1-07, 1941. 

34 Sherman, J M The Streptococci, Bact. Rev., 1, 1-07, 1937. 

35 Si-rat, R. 8 Semisolid Media for Cultiv ation and Identification of the Sporulating 
Anaerobes, Jour Bact , 32, 135-155, 1936. 

36 Tillett, W. S . The Fibrinolytic Activity of Hemolytic Streptococci, Bact. Rev., 
2, 161-216, 1938 

37. Weil, A J Progress in the Study of Bacillary Dysentery, Jour. Immunol., 46, 13-46, 



chapter XXVII 
BACTERIAL FOOD POISONING 


By Leland W. P\nn 

It has been generally recognized that the ingestion of foods contaminated 
.vith certain types of bacteria, or their products, may produce various 
clinical manifestations termed “Food Poisoning ” There are three mam 
types of this condition each associated with its own peculiar etiology, 
They are: (1) Staphylococcus food poisoning, characterized by symptom® 
nf nnnspn vnmltinn rlJorrVipn nnrt nciitp. nrostration coining on usually 


iney are: (I) btaphylococcus Food poisoning, cnaracitriztu u» ... , 
of nausea, vomiting, diarrhea, and acute prostration coming on usually 
within two-and-a-half to three hours after eating Toxigenic strains of 
staphylococci may grow rapidly in some food and elaborate enterotoun 
within a few hours (five to twelve hours or longer) when suitable tempera- 
tures are provided. Such foods as milk, cured meats and eream-hlled 
bakery goods are commonly involved. Uncomplicated staphylococcus 
food poisoning is not fatal. ( 2 ) Also caused by the ingestion of P r ^ ort T e 1 
toxin is Botulism which is characterized by difficulties m snal owi g, 
double vision, difficulty in speech, labored breathing and finally, inn 1 
proportion of cases, death from paralysis of the muscles ot respir.i mi. 
Symptoms appear within one to two days after eating the food containing 
the toxin which is usually improperly processed food, such ns ,, 

vegetables, in which Clostridium botulinum has grown. % (3) balmoncua 
infection of the food poisoning type is caused by the ingestion o R 
numbers of bacilli of this genus and presents a clinical picture 
nbdominal pain, diarrhea, chills, fever, frequent vomiting am I . 
are prominent features. Symptoms come on seven to seven - 
after swallowing the living organisms. The species mos P { 

cerned arc Sal. cntcritidis, Sal. cholerxsuts, and Sal. t/p 
te Hr yoke). Not ordinarily fatal. ... . • pocociiized, 

In recent years a fourth type of food P^ n fonn ^ lcS3 « e vcrc 
namely that caused by alpha -tv™* strcntococci. . . • - 

than the other types and is chr ' • . ■ ■ . ■ 

colic-like pains and diarrhea. . _ . , ..„■■■ 

hours after ingestion of hund.«.—» : 

"Ot of toxigenic etiology. „f foe! po«>.mg arc not 

It must he remembered that uie A , heart di«r.tH\ brain 
unlike tho«c of ft number of other «>m ^ ‘ to ms coining on within n 

tumor and tlic onset of infcctioin disw — ^ ,^ c , er ; a | food pniwniilR lint 
few minutes after eating are hanilj * • limjr9 n f lor fa ting food and 
whenever symptoms ensue two o , ^ ( C „tntive JingnoM* of food 
particularly if several persons nptf) nublMird « monograph on 

poisoning is in order. Pack ha* tlir s „|,] rct . Table 73 from 

" Food l'oisoning ’ which eomj t- . 

Dark summarizes the chief type*. 


• In u»* U. 8 A. 3f ‘ oui*«^» *•*' 

• frrj otuwl l,y &»«*■ 

•trine l<sn», torn, l-wtJ. ' 

In 10 or tnor* 


UU) 
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BACTERIAL FOOD POISONING 


Table 73 —Characteristics or Food Poisokivo Caused bt Bacteria or Their Products 
(Dace's Food Poisostsa, Cochtest or University or Chicago Press) 




In- 

In- 

Onset of 
symptoms 


Specific 


fee- 

■tier 


agent 



S) mptoms eating 

Dotuliam 

ClattrvUum 
botuiinvm 
which pro- 

+ 


Difficulty in swallowing, double 2 hra togdajs 
vision (diplopia), difficulty in Average 

speech (aphonia), difficulty in 1-2 days 

respiration followed by death 
from paralysis of muselea of 
respiration 

Staph) lococcus 
food poisoning 

Stsphj lococci 

which pro- 
duce enter©- 

+ 


Nausea, vomiting diarrhea, and 1-6 hra. Aver- 
aeute prostration, abdominal age 21-3 hrs. 

Sofmonctfa 

f 5 rriryekt 

\ S tnlfriluht 
l S. cholfrmu 

- 

+ 

Abdominal pain, diarrhea, chills 7-72 hra, 
fever, frequent vomiting proe- 

Streptococcus 
food poisoning 

a type 


+ 

Niusea, sometimes vomiting, &-18hrs, 
colicky pains, and diarrhea 


INVESTIGATION OP AN OUTBREAK OP FOOD POISONING 

It is not always easy to determine the cause of an outbreak of food 
poisoning, and in many instances the source of the outbreak remains a 
mystery. In order to obtain the best results it is essential that the clinician, 
epidemiologist and bacteriologist work in close cooperation. The following 
general procedure is recommended for the investigation of an outbreak: 
(1) Prepare a list of all eases. (2) Obtain from each case a full history 
including information as to the various foods eaten prior to the symptoms. 
(3) If possible determine the foods responsible for the illness. (4) Study 
the history of the implicated food. (5) Try to determine the source from 
which the food was contaminated. 

The materials to be collected for examination include: (1) Left-over 
portions of the suspected foods. (2) Specimens of vomitus, feces and blood 
serum from the cases, and at a later date, additional specimens of serum 
for agglutination tests. (3) Feces and blood from food-handlers or others 
suspected as carriers. (4) Specimens of blood, spleen, liver and intestinal 
contents from fatal cases. The specimens of food should be immediately 
packed in ice and examined with the least possible delay. 

I. BacterioIogicalExammation.— The bacteriological examination includes 
search for the organisms mentioned above or for bacterial toxins, and may 
be carried out as follows. 

I. First Day.— (a) Prepare Gram-stained films from liquid portions of the 
foodstuffs, or from suspensions of solid foods, and examine these micro- 
scopically to determine the morphological features of the predominating 
organisms. 

(6) Prepare cultures on eosin-methylene blue (or SJ3. agar) plates for 
the detection and isolation of organisms of the genus Salmonella; infusion 
agar and broth for staphylococci and on anaerobic media for Cl. botulinum 
if this organism is suspected. In the latter case inoculate several tubes of 
Robertson’s medium or Brewer’s thioglycollate. Half the tubes may be 
heated to 70° C. for twenty minutes and incubated at 35° C. 

(c) Tests for Toxin .— Samples of the suspected foods may be tested for 
preformed toxins or for pathogenic bacteria by oral or subcutaneous 
administration to guinea pigs or white mice in the case of botulism or to 
cats or suckling pigs as has already been indicated in the section on Staphy- 
lococci (see page 449). 
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When Cl. boiulinum suspected prepare a suspension of the food in 
physiological saline, centrifugalize or filter until clear and inject about 1 cc. 
subcutaneously into each of 3 guinea pigs. At the same time inject intra- 



D 

Peces, blood and necropsy 
material 


E 

Interpretation ot 
result* 


... . , , , ol » food eamrto (Adapted from I>jA«ooMie 

ri<i.-12 --Out me of procedure for e*i»min*uonot»it H-alih A«nei*tion 1 

Procedures and Itenecnta, rourte*> o! Am Pub- HealU. cutwn, 


IH-ritnnrnllv into the lift animal 1 «• of Tuy \ C ‘- “"‘J 1 

* , ... nf Tvtx? H antitoxin and into the tmru ptc 

into the second n like amount oi u n 

the tome amounts of both the A an.! II not. tom... f Cl. Mu! a n tot.n 
i. prasant in tha loa.1, the tvj* ran •letcrmmo.l a. in.l.catel Mow. 
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BACTERIAL FOOD POISONING 


Test for Ttpe of Botclimw Toxi.v Present 


Guinea pigs protected 
with antitoxin 


Pig 1 (Type A) Live Die Die 

Pig 2 (Type B) Die Live Die 

Pig 3 (Types A and B) . . . Live Lite Lite 


If Pig 1 dies it is Type B, if Pig 2 dies it is Type A, if both die it is a mixture 
of Types A and B, provided Pig 3 lives. If no pigs die botulinum toxin is 
not present. If all three die it is botulinum E or some other lethal factor 
which killed them. 

There are, of course, other types of botulinum toxin but Types C and D 
have not been reported as causing human outbreaks of botulism and 
Type E is rather rare. Its antitoxin can be included with the two commonly 
used if it is desired to search for that type. 

2. Second Day.— Examine plates for staphylococci and for members of the 
Salmonella group. If the latter are present isolate pure cultures and identify 
by the methods outlined under Salmonella. Note the presence of any 
other type of organism. If the anaerobic cultures contain growth, examine 
them microscopically for organisms with the morphological characteristics 
of Cl. botulinum, and if such are found subcultures may be made for pure 
culture study and test for toxin. A diagram of the procedures suggested 
is shown in Figure 42. 
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CHAPTER XXVIII 


BACTERIOLOGIC EXAMINATION OF MILK AND OTHER 
DAIRY PRODUCTS 

By Lela.kd W. Parr 

The primary purpose for which milk and other dairy products arc 
examined bacteriologically in Army medical laboratories is to determine 
their suitability for consumption by military personnel. Estimates of the 
total numbers of bacteria present in such products and special procedures 
for the identification of pathogenic organisms serve to indicate they are 
potable and safe for human use. The tests used are those recommended 
in Standard Methods for the Examination of Dairy Products, 8th Edition, 
published in 1941 by the American Public Health Association. 


I. Specimens.— To determine whether new milk supplies conform to 
sanitary regulations, examine not less than four samples each taken on n 
different day. The specimens should he carefully collected under aseptic 
conditions and should be representative of the lot from winch taken. 
Samples of large quantities of milk should be collected at the dairy farm 
and samples from the large cans may be taken as they are delivered at the 
pasteurizing plant. The examination of such specimens furnishes an index 
to the efficiency of methods used to prevent contamination. Samples of 
bottled milk may be selected at random either from the stock on hand at 
the plant, or from milk delivered for sale and consumption. After thor- 
oughly mixing the milk in its container, collect the specimen with a sterile 
pipet long enough to reach the bottom of the can or bottle. Each specimen 
must include at least 10 cc., and should be kept iced in n tightly stopj»cm 
sterile bottle or vial. If the examination cannot be made within four hours 
after collection, the exact time elapsing should be reported. 

II. Enumeration of Bacteria.— 1. Standard Plate Count.— A ter s i.i mf 
the milk specimen twenty-five times, with an tip and down cxcur-ion of 

1 to 100, 1 to 1000, anil 1 to - 

of the quality of the milk. , , . . p 

transfer 1 cc. amounts from each to properly la Med sterile 1 ctr . 
Within twenty minutes time from the first trail 4 «-r T 111 , . .. » 

to each plate 10 to 12 cc. of standard nutrient agar wine h has Ixxii tnrltn! 
and 3 40“ to «• C. In milk work this is a tn ptone-glueo^xtmct- 

... viKiicu lo .» ,, - n T| 1C near contains 1 per cent «kim 

milk agar of preferred reaction pit • K i in 

milk ns n Hart of the medium when ■wtnpfra d luted tuorv than 1 to W 
™ \."l Mi* ti c ap.r ami .ample IhonmsMy.. -ol..l,fy .|.m-kly and 
; , . * ‘ #-mrK-rat»rrs of ncuhation art- n-n»ginrn! as 

incubate at oner 1«« C .. |»tl, for forty -sight hour., 

p nndnnl. (n) at . - •• „j a!r , with a hn» magnifying 2J diara- 

•- r —> £ 7 ' ->■' 
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colonies on plates showing between 30 and 300 each. If none of the plates 
show’ a number within these limts the one having nearest to 300 should be 
counted. Determine the average count and report the result as: The 
number of colonies per cc., or as the “standard plate count” number 
per cc. The temperature of incubation should also be stated whether 
32° or 37° C. The total number of bacteria present in the milk is always 
greater than the count shows because there are bacteria present which 
may not grow into colonies because the temperature of incubation is too 
high (true psychrophiles, which grow slowdy at 5° to 10° C.), because the 
temperature is too low (true thermophiles, which grow at 55° C.), or 
because the medium used and the aerobic type of incubation employed 
will not permit them to develop (fastidious pathogens, obligate anaerobes 
and the like). It is customary to prepare two plates per sample, on each 
of the two dilutions most likely to yield satisfactory plates. Duplicate 
plates are not considered necessary. 

2. Microscopic Count of Bacteria ( Dreed Method ).— Exactly 0.01 cc. of 
the milk to be examined is drawn up into a special capillary pipet and is 
spread uniformly over an area of 1 sq. cm. on a microscopic slide. Dry the 
film in a warm place for not more than five to ten minutes, avoiding exces- 
sive heat. Immerse in xylene one minute to remove fat, drain and allow 
to dry. Fix for one minute in 90 per cent alcohol. Stain with Loeffler’s 
methylene blue solution, rinse with water, decolorize with alcohol until 
only a faint blue tint is left; then dry and examine microscopically. 

The number of bacteria per cc. of milk is estimated by counting all 
the organisms within a given area in a microscopic field, this area having 
been carefully measured and its ratio to a square centimeter determined. 
At least 1/100,000 part of a cc. of milk is to be examined, and if the milk 
is of high grade this must be done under the most favorable conditions for 
accurate counting. The microscope must be so adjusted that each field 
covers a certain known fraction of the area of a square centimeter. This 
adjustment is simple if a micrometer slide, ruled in hundredths of a milli- 
meter is at hand. The microscope should have a 1.9 mm. (1/12 inch) oil- 
immersion lens, and an ocular giving approximately the field desired (for 
example a 6.4 X ocular), and it should be fitted with a mechanical stage. 
To standardize the microscope, place the micrometer slide on the stage 
and by the selection of oculars or by adjustment of the draw tube, or both, 
bring the diameter of the whole microscopic field to exactly 0.205 mm. 
When so adjusted, each field of the microscope covers an area of approxi- 
mately 1/3000 sq. cm. (actually 1/3028 sq. cm.). This means that the dried 
milk solids from 1/300,000 part of a cc. of milk are visible in each field of 
the microscope. Therefore, if the bacteria in one field only are counted, 
the number found should be multiplied by 300,000 to give the estimated 
number of bacteria per cc. In practice, however, more than a single field 
is examined so that the factor used for multiplication is smaller than this. 

As the microscopic examinations must be made with greater care when 
the bacteria are relatively few in number, it is required that, in grading 
low count milk, a special ocular micrometer with a circular ruling divided 
into quadrants shall be used. In using this micrometer, the microscope 
shall be so adjusted that the diameter of the circle on the eye-piece microm- 
eter shall be 0.146 mm. In this case the amount of dried milk solids exam- 
ined in each field of the microscope is 1/600,000 part of a cc. of milk. The 
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limitation of the examination to the central portion of each field obviates 
the use of the margins of the field where definition may be hazy, and 
lessens the danger of overlooking bacteria. Likewise, the magnification 
used is greater than that used when the v hole field is to be examined 
The microscopic method of estimating tut number of bacteria in milk 
has the following advantages: (1) It tnuU » possible the counting of all 
bacteria, living or dead, and can therefore i c used on specimens preserved 
with formalin or other antiseptics. (2) It is more economical and can be 
carried out rapidly in tire field. (3) It g.\ . s information concerning the 
sanitary condition of the dairy and the ct n^mmated milk before pasteuri- 
zation. The disadvantages of the method include tire following: (I) The 
small amounts of milk used lead to inaccu.a'y and the large factors used 
in estimating the bacterial count introduce a large degree of error. (2) 
Much time must be spent on the counts in order to reduce thh degree of 
error, especially when examining very good milk. (3) The individual 
technic of the counter may be responsible for a greater variation in results 
than when the plate method is used. The ratio used in comparing the 
standard plate count with the microscopic bacterial count is computed 
at I to 4. Wien estimating the probable standard plate count by the 


uate count witn tne microscopic oacwiwi wuu* *•> 
a \ 1 io <i. Wien estimating the probable standard plate count by the 
microscopic method, clumps of bacteria should be counted as individual 
units. 


3. Count Interpretations and Milk Designations. — (l)BaW milk ,is untreated 
(except for refrigeration) milk. (2) Pasteurized milk is milk that has been 
treated with limited heat by one of several methods, in order to kill most 
pathogenic bacteria. (3) Certified milk is an especially pure raw or pas- 
teurized milk generally for infant feeding, produced under the supervision 
of a medical milk commission of the county or state Medical Society, - 
on requirements of the American Association of Medical Milk Lommiss o . . 
Certified raw milk should not present a standard colony count to exceed 
10,000 n— J J * :~„.i manured from raw milk ot 


raw milk should not present a sianaaru - - ... , 

10,000 per cc. and certified pasteurized milk is prepared from raw milk ot 
certified quality and which after pasteurization does not yield more than 
500 colonies per cc. tj ur 

The Standard Milk Ordinance and Code of tire United States Tu l 
Health Service (1939) classifies and defines milk as: (<0 Grades A, u, 
c, raw; ( b ») Grades A, B, and C, pasteurized. ' , . Hrinkimr 

(4) Grade A pasteurized milk is the grade usual . s and must be 
Purposes; must have a colony count of not over 30 , 000 pe • 

' Prepared from Grade A (50,000 per cc.), or Grade B (200,000 per cc.) raw 
»n'lk m plants meeting strict sanitary' requirements. ; ts f or the 
Other grades of milk 'are based on d^ite samtary r^mrern^ for^ 
production, distribution and bacterial content. nc c radc of pas- 

counts for raw milks are greater than for the corrc5 ^\ n | v ^ ( c ss rigid 
feu , ri *ed milk; also, the sanitary requirements are p g - rcspec- 

jnd the allowable ^lony counts greater by thc 

bvely. Federal regulations specify that Code 

EdT ent sha11 ***** t0 the standard M 0nhnan 

Hi. Methylene Blue Reduction Method.—This tcsLjvhich^is^^^ ^ 
as the reductase test, is useful where laboratory » c? j t based 

**»¥«« a rapid inspection of a large n '® ^ ■... ^ | or ma y he 

the fact that when methylene blue is added to milk tne coio 



end. Acetylsulfathiazole crystals sometimes resemble those of the free 
drug but the angle at the ends is 136 degrees. More eommonly they have 
the appearance of sheaves of wheat with a central binding. These may 
present any degree of fullness up to a stage where they form two half 
circles fused at the center. Striated spherulites are also quite common. 

(4) Sulfadiazine .— Both the free and acetyl forms appear, the former 
perhaps more frequently as it is the less soluble form. The free drug 
forms dense dark greenish irregularly striated spheres with either fuzzy 
or clean edges. Acetylsulfadiazine crystals form sheaves of wheat with 
eccentric bindings. They are easily differentiated from acetylsulfathiazole. 

(5) Sulfaguanidine .— The free form rarely appears. Crystals of acetyl- 
sulfaguanidine are thin oblong plates, clear or with a fine mesh-like pattern, 
often aggregated into cross or star-like clusters. 

(6) Suljasuccidine crystals do not appear in the urine because of the 
slight absorption of the drug from the intestine. 



Pio 2.~Crystals appearing in human tirin* nft»r t n ■ i ■ j. 

■ if 

ta 

" ■ ■ *. .it 

-v.. .uims. v^raiea irom micro-pnotographs of urinary sediment, enlargement' 250X ) 
(Lehr and Antopol, courtesy of Science ) 

2. Organized Sediments.—' These structures in the urinary sediment are 
of the greatest importance. Their proper recognition and evaluation may 
often be the most important part of the examination of the urine. Accurate 
identification may necessitate the use of the high-power of the microscope 
particularly in cases of doubt. 

(a) Epithelial cells ma 
and appear in the urine. 

: ■ . ' ■ • ' ■ " which the cells are derived. 

■ ■■ . .be observed. 

ti) Small round or polyhedral cells with a single round rather large 
nucleus. These probably come from the kidney tubules. 
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al.dUfn :u ihr l\Mr. urc t ;-h<i f f tlr kidr^i. 
tljill the fim:.il <ri!», 1 air f.-.-Ul at*J {'■C i» 

ir f»/ur*S. 

*or pairmrnt <tl!> art tl li.ty arc l*?*?. 

*haj»nl hair *U all tiuM. hi !••’!•' < h’ “•* 0 t J 

.dmi.daut a!.'i t» j ft «.t % ag.;..i1 * * 

White (VH» • r l*t.» tVlf» — 'il t *- a:? th«" te «vS 

IllOtiU* Of J>1 KllUlhatol W hltc till* of t$ r ; .t.it i 1 tvl* £ U-K 

familiar ivlytuorphoiwn bar ln;«i.cy u» Tl ry u.*** t«u us.;l> »f u» 
<2t;i»pi .-»,«) jrr granular in jp;*oramr. Tbr -old.U tt * I * htH* 
antic at M to thi: *lidc bring* «*M the j.mlti avl t-i> ’■ *Ij» ♦« *b 5.1.4. at* tl 
A A. w <if then* » 1 II* arr U'iully j>r* -ml. ,\uy i: < rc> •** s:^ !/a!r» an .wUs** 
matory |>nKt?t. The »itr of the ij.slamu.aU n ti-*}' < !tf!t !*■ 
by UuatlS of the ain>tnJ>Wi)i>»^ itrwturr* » t by tl c ihliral t^l t ( 

thcjiatiuil. 

(c) I'.t) tlimcN Iri ate the rol till* of jl.r bh««l »L)i!i hale gotten n.t»> 
the urine. lit (trOi urine they .tpjxar as 1‘io-iiuir dr-ta. 
swollen anti rounded in dilute ai.tl in o.!.wtilr4(nl aril ufu^. 

lu alkaline urine they are apt to l-eo-mc faint, oA/ftirii. ih>h«itrgrjtii £ 
shadows. Identification dtould W by meat.* o! the hlgicpower Ut.i »»» 
us to a\oi»l cotifudott with fat. y«a'ta t.r oolite rry »ul*. Thnf j rtsstae 
tan lie continued by thtmical tots, though *%hcr» pr« u-t.t in >n.*H t.uwl<r» 
chuuical tots arc apt to 1* iirgaliic. 

Hoi blood cells in small iitmiUn do i»«t altir the apjwafas.nr i f ti • 
urine, {.ir^c immtnr* iauM: a 'inoky or frankly 1 h^*bt»:'4oi aj«je •< 
Their prefentv is always of jutholn/u-wl si^uit".- a:.iv. u l.t^t,. 4 \ b-nl . 4 
somewhere in the urinary tract. 

(<f) Casts.— ^ These sJnutun-s arr casts of ti.r uH: uty \u x u’o. i 1 «-y 
arc cotupoietl of an tdhuminuus tn it» r: il di-^uar itev! re.-.d tub-!r ^.|i, 
roi Moot! ctJIs and pus ckJIj that »««• {? c tof 'iV» .‘n thr 1 .rx* 

of inflammation ur hemorrhage 'lhiy .,ti pnlilj; ab»ay v i.,<} laijir 
of pathologic change in tfie hidtny though tliis may U- tran*'.t( ,»y i'j j.-ture. 
Casts may be straight or cur % oh l.--.g or s!.«irt. t. .tn'-i . r th.<*. 'n.cir 
sides arc Usually sharply outline* v >i j ir»*t. ! t! -.r ti.i:. tjjr* », 
throughout their length, their t'.il- r. ti l«l . r I r * « c . * * 

They should l>c sought uiulrr low 'I h. \. ; 1, u- ... t * u . ..,.1 *, v # ,n^, * . 

(0 Huilmc 1-^13 .in- iJic m..-t U i.,uu,t. Tl ,* y m- < . 
sciirous, noti-n Irartitv. t*mitrji,.|urxiit -truuuris. Tl,,. wr ’„. tt ,Hv 
Mmiw but l».i.v v.,r. nauuluuMy in •:« f t „, tir ., lly ' a 

rew cellular llcmcnU or cr.11.ul, may -n rv 

generally of rcyr nirport titan die otlitr 15 1, . of c.* .t* 

(-’) Granular 0.13(3 arc luualli sUrtcr ,,r,.l .1 , 11 •, 

stuilrlcrl uitlr fine or muse gramrli,, the 1.1.. *| 't |, n 

llK - “-".v - .n.ru.1 J h ,Z ™:'i 

and the casts sometimes a„„ar t!> U- *n -tncntnl Tli v T ‘ 
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tpiMal, pus, blood os bacterial. Such casts usually indicate acute 
professes or late stages of chronic disease. 



1, 5, Epithelial Cells 
2, 3 , Erythrocytes 
4, Leucocytes 



1, Leucocytes; 2, Spermatozoa; 
3, 4, 6, Epithelial Cells; 

5, Erythrocytes 




& 


Neutral Calcium Phosphate 
Crystals 



I'W 3 — Urinary sediment*. 03 y 



Uric Acid Crystals. (Tellov 
to Greenish Tellovr.) 

ot tho Medical Df i>t , United Stales Army 


(a) CjUiulroids resemble hyaline casts. They dill ex in that they taper 
to u point or a slender tail. Threads of mucus arc commonly mistaken 
for cylittdrattla. True cylind raids have much tlic same significance as 
hyaline casts. 
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(e) Mucus.— Threads of mucus may simulate casts or cylindroids. 
They differ, however, in appearing as long strands, ribbon-like in character 
with poorly defined edges. They are a normal part of the urine and are o 
no significance 

(/) Bacteria appearing in the voided urine are usually contaminants 
from the urethra or vessels containing the urine. No attempt is ordinarily 
made to identify them. Catheterized specimens may be examined by the 
usual bacteriological methods. ^ , 

( 0 ) Spermatozoa occasionally are found. The characteristic oval head 
and long tail makes for ready identification. In fresh urine they may 
still be motile. 

(A) Animal parasites in the urine are rare. Cysts and hooklets 01 
echinococcus, ova and occasionally the adults of Schistosoma, filarial 
organisms and larvse have been reported. Trichomonas and cercomonas 
may be seen particularly in the urine of females. The ova of intestinal 
parasites such as ascaris and oxyuris may contaminate the urine. 

(1) Confusing structures superficially resembling important findings 
may sometimes lead to difficulty. They must be properly identified in 
order that reports may be accurate. 

(1) Yeast cells are smooth, colorless, highly refractile, round or oval 
structures. They may be mistaken for erythrocytes. However, they 
are of irregular size, tend to adhere in short chains and often have buds 
at their edges. 

(2) Mold fungi have jointed or branched rods often arranged in a 
network. Highly refractile spherical or oval spores may be present. 

(3) Fibers of cotton or wool, bubbles of air, dirt and flaws or scratches 
in the glass slide should not be confusing if care is exercised in the examina- 
tion. 

IV. Quantitative Microscopic Method.— The Addis Count. — Addis has 
developed a method for determining the numbers of red blood cells and 
casts appearing in the urine under standardized conditions. By this 
technic accurate results are obtained and better clinical interpretations 
are possible 

1. Specimen.— All of the urine voided from 6 p.M. to G A.M. is collected 
after an all-day water fast on a dry diet. The urine is collected in a thor- 
oughly cleansed, wide-mouthed bottle rinsed with 4 per cent formaldehyde 
solution before the collection begins. 

2. Procedure . — The concentrated night urine is thoroughly mixed and 
the \ olume measured. Ten cubic centimeters of the mixed specimen, which 
has been cleared of excessive phosphates by the addition of weak acetic acid 


shows varying shades of red or brown in hemorrhage, but with very slight 
bleeding, the precipitate is white. The greater part of the supernatant 
fluid N then decanted and the residual urine removed with a pipet and 
aspirating bulb, leaving 0.5 cc. of a mixture of urine and sediment, or a 
volume varying with the amount and nature of the deposit. This is 
orouglily mixed. ^ A small drop is transferred to a hemocytometer. 
smg a 16 mm. objective and a 10 x eyepiece, all the cells and casts are 
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counted in the nine squares. In normal urines casts are very few, so 10 
drops are counted. If casts are numerous, dilute the sediment in the pro- 
portion of 1 to 5 and count only 2 drops. The differential cast count is 
made at the same time. 

3. Calculation .— As all 9 squares of the hemocytometer are counted, 
each being 1 sq. mm. in area, and the chamber 0.1 mm. deep, the total 
volume of sediment examined is 0.9 c. mm. or 0.0009 cc. If 10 drops are 
examined, the total volume is 0.009 cc. Suppose that in this volume ISO 
casts were found and the volume of sediment from which the drops were 
taken was 0.6 cc. Accordingly, 180 X ^ = 12,000 casts in 0.6 cc. 
But all the casts in 10 cc. of mine were concentrated in that 0.6 cc. of 
sediment, so 12,000 casts were present in the 10 cc. of urine. If the total 
volume of urine for the twelve hours was 300 cc., then 12,000 X ^ = 
360,000 casts in the twelve-hour specimen. A similar calculation is em- 
ployed for red blood cells. The general formula is: 

Number casts or cc total sediment cc urine in 12 hours ^ casts or cells in 

cells counted cc. sediment examined cc urine centrifugalired 12-hour urine 

Applying this formula to the above example the entire calculation is: 

0 6 300 

180 X 5~6o 5 ^ "io " casta in the t'Keh e-hour urine. 

4. ’Inierpretat ion .— Highly concentrated urine is almost an isotonic 
medium for erythrocytes, thus preserving them. The small amount of 
formalin in the collecting bottle aids in preserving red blood cells and casts. 
This method will detect microscopic renal bleeding which the examination 
of a single dilute specimen misses. There is a wide variation in the normal 
counts of casts, red blood cells, epithelial cells and white blood cells. In 
adults casts range from 0 to 4220; red blood cells from 0 to 425,000; epithe- 
lial and white blood cells from 9000 to 2,823,000. Among normal adults 
practically all of the casts are hyaline; 73 per cent of adults give zero counts. 
Normal adults may excrete small numbers of red blood cells; about 60 per 
cent give zero counts. In comparing the number of casts found with the 
qualitative reports on the same urine, counts of 1000 to 79,000 give negative 
microscopic reports when examined in the routine manner. With counts 
between 122,000 and 1,000,000, the routine microscopic examination shows 
1 or 2 casts per low-power field. 


3 



CHAPTER II 

KIDNEY FUNCTION TESTS 

By Cleon J. Gentzkow and Howard A. Van Auken 

The kidneys through their excretory function serve several purposes: 
the elimination of most of the waste products of the metabolic processes 
of the organism; the excretion of harmful substances which may have been 
ingested; and control of the osmotic, electrolyte and acid-base balance of 
the blood and tissue fluids. It is through these processes that the constancy 
of the fluids, in which the cells arc bathed, is maintained, a constancy 
which must be maintained within very narrow limits if life is to continue. 

The structural and functional unit of the kidney is the nephron made 
up of a glomerulus and a corresponding tubule. The number of nephrons 
is estimated to be about 2,000,000. They do not all function continually, 
the number in action appearing to vary with the excretory demands upon 
the kidney. This fact may serve to explain, in part at least, the great reserve 
capacity of the kidneys. One kidney may be congenitally absent or 
surgically removed, and yet no apparent clinical evidence of renal embar- 
rassment be apparent. 

The manner by which the nephron excretes urine is becoming rather well 
understood. The de\ elopment of the present theory of urine secretion has 
been gradual and continuous, many workers contributing to its under- 
standing. Bowman, in 1842, considered that the fluid portion was secreted 
by the glomerulus, to •which the tubules added the solid portions, the entire 
process being one of vital activity. Ludwig proposed the first filtration- 
reabsorption theory when he suggested a process of simple physical filtra- 
tion of the water with its dissolved crystalloids through the glomerulus, the 
filtered fluid passing down the tubule where it was concentrated by reab- 
sorption of water. Cushny, realizing that there were differences in the 
blood and urine concentration ratios of the various solutes, accepted 
glomerular filtration, but suggested a selective reabsorption of the solutes 
as well as of water. He introduced the terms, “no-threshold” for those 
substances which are excreted whenever present in the blood, and “thresh- 


the glomerular fluid is a true filtrate with urea, uric acid, chloride, creatin- 
ine, glucose and pH in approximately the same concentration as in the 
plasma. Also, by tapping the tubules at various levels, he showed the 
points in the tubules where the various solutes were reabsorbed. Smith and 
Rehberg using inulin and creatinine respectively, measured the glomerular 
filtrate and arrived at values in close agreement. Van Slyke and Rhoads, 
using a different approach, confirmed these values and also showed that* 
about 20 per cent of the blood flowing through the kidney was filtered in 
tbe glomeruli Shannon studied the reabsorption of glucose and showed 
. * behaved in the same manner as a number of reactions of enzymes 
with their substrates Marshall has proved that some foreign substances 
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introduced into the blood stream, notably phenol red, are excreted by the 
tubules. . 

From the work of the above investigators, as well as that of others, tne 
following explanation of the functioning of the kidney may be drawn. 
About 20 per cent of the water with its contained crystalloids is filtered 
from the blood by the glomeruli, this filtration being a mechanical process 
brought about by the high pressure of the blood in the glomeruli. During 
the passage of the fluid down the first part of the tubules, 90 per cent of 
the filtered water returns to the blood because of the difference between the 
osmotic pressures of the two fluids and the drop in blood pressure in tile 
capillaries about the tubules. Glucose and other threshold substances 
appear to combine with a hypothetical carrier substance in the tubule cells 
and are passed back to the blood stream. These carrier substances can 
function at a definite speed; when the concentration of the solute in ques- 
tion exceeds the particular level some of the threshold substance will not 
be reabsorbed and will thus appear in the urine. During the rapid back 
diffusion of the water some substances, such as urea and uric acid, are 
swept back, the tubules being only partially impermeable to these solutes. 
Creatinine is held entirely in the tubular concentrate. In the distal parts 
of the tubules more water is reabsorbed which results in a marked degree 
of concentration. Urea now reenters the blood stream by passive diffusion 
as a result of its increased concentration in the fluid. During the passage 
of the fluid through the tubules certain foreign substances that cannot be 
filtered through the glomeruli are excreted by the tubular cells. This 
tubular excretion comes into operation, however, only when such materials 
are present in the blood. With the exception of the reabsorption of the 
threshold substances and the last portion of the water, kidney excretion is 
a mechanical process of filtration and diffusion. Further explanation of 
those processes is needed. 

The normal kidney is capable of varying the composition of the urine 
within wide limits to meet the needs of the body. It can excrete an excess 
of water promptly, resulting in a dilute urine; or it can withhold water in 
conditions of dehydration and eliminate a highly concentrated urine. Thus 
the specific gravity may range from 1.002 or lower, to 1.026 or higher. In 
progressive impairment of renal function the maximum gravity attainable 
falls and approaches 1.010; at the same time the minimum gravity rises 
toward 1.010. In the later stages of nephritis the specific gravity is apt to 
be fixed between 1.008 and 1.012. This is practically isotonic with the blood 
scrum; the severely damaged kidney can no longer alter the glomerular 
filtrate presented to it. 

In like manner the healthy kidney will excrete promptly the nitrogenous 
waste products in the blood. 
lost. There are insufficient gl< 

as fast as it is added by the n . . 

substances eventually accumulate in the blood stream. 1 v# 

The kidney also maintains the reaction of the blood and through the 
blood the reaction of all of the body fluids. This is accomplished by selective 
reabsorption of bicarbonate and the production of an acid or an alkaline 
urine. Ammonia is formed from urea and serves to neutralize acid when 
there is a marked excess. Both of these functions become decreased in 
renal disease and, as a result, m the late stages of nephritis acidosis fre 
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quently develops. Finally there is a progressive loss in the active tubular 
excretion of foreign substances as kidney function fails. 

Kidney function tests are all based on the measurement of one or more 
of these renal functions. It must be emphasized, as pointed out by Fish- 
berg, that the kidney does not possess a number of functions which are 
independent of one another- Injury to one part of the kidney is reflected 
by changes in the remainder of the organ and when impairment of renal 
function develops, the excretion of all urinary constituents is affected. 
Fishberg maintains that selective retention is extra-renal in origin and 
explains the apparently selective injury on a purely quantitative basis. 
Irrespective of the type of injury that affects the kidney— be it inflam- 
matory, arteriosclerotic, toxic, obstructive, multicystic or degenerative— 
the impairment is th • 

loss of concentrating * ' . 

impairment of cleara..~~ j . . . 

the blood. 

Fishberg also differentiates between renal insufficiency and impairment 
of renal function. In both there is a loss of concentrating power. In the 
latter, by means of a compensatory polyuria, that is, increased excretion 
of water, the waste products are excreted without damming back in the 
blood stream. In the former, there is no polyuria to maintain the balance, 
and there is retention in the blood of those substances normally highly 
concentrated by the kidney. When fully compensated, only the lowering 
of the maximum concentration evidences the hypofunction present; when 
decompensated there is a low maximum specific gravity, oliguria, low dye 
output and an increase in the nitrogenous constituents of the blood. 

The results of any kidney function test must be interpreted in view of 
the entire clinical background of the patient. The tests measure function 
only, and not the extent of anatomic damage. It is w ell known that kidney 
function may be markedly decreased by many extra-renal conditions, such 
as cardiac decompensation, sev ere anemia, continued vomiting, prostatic 
obstruction, starvation and infections and inflammation of the lower 
urinary tract. The results of renal function tests should not, therefore, 
assume the form of a diagnosis; they should be viewed as a part of the 
complete study of the patient. 


TYPES OF TESTS AVAILABLE 

Of all the tests of renal fun/ t.on that have been devised onlv a few are 
necessary for investigation of the efficiency of the kidneys. Many of the 
published tests are but slight modifications of others; improved methods 
have supplanted many of the earlier tests. Only those tests combining the 
maximum of information and case of performance need be carried out. 
Some types are undesirable because of technical difficulties in their per- 
orTnth Tlf he StUd,M ,n T° ; c ,nvest 'Eatran of the urine, the blood 

hLiSS y e ^ 3 ■’ Umb - ° f 
uySVsSStSta^S^ of of 

TTT % b r*L 01 ' ti "L' Kcretion of foreign substances-“Dve Tests ” 
o^o removal of nitrogenous constituents from the 
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IV. Tests based on determination of the constituents of the blood— 
“Blood Nitrogen Determinations.” 

The concentration tests are perhaps the most sensitive in detecting early 
renal impairment. In many instances if the concentration is normal, no 
further studies will be necessary. The dye tests and clearance studies are 
of the greatest value in following the later stages of nephritis already 
established. The dye tests alone are generally used when investigating the 
function of the two kidneys separately. Nitrogen retention tests are of 
value only in the latest phases of disease. They may indicate further 
changes when other tests already show maximal impairment. In every 
case, careful routine examination of the urine particularly for albumin, 
specific gravity, casts and red blood cells must be done at frequent intervals. 


CONCENTRATION TESTS 

According to Van Slyke and Fishberg these tests indicate renal impair- 
ment earlier than any others. They are especially useful as they cause 
but little inconvenience to the patient or doctor. They will indicate impair- 
ment of function, whether it is in the compensated or decompensated 
phase, but will not differentiate these phases, nor differentiate the various 
types of renal damage. When healing occurs in acute nephritis, the con- 
centrating power Is the last function to return to normal. It is, therefore, 
the test of choice for following those cases which are apparently clearing 
completely. 

I. Fishberg Method.— This is a simple and excellent test; if supple- 
mented by determinations of nitrogen in the blood it will show the presence 
or absence of renal impairment and whether any hypofunction present is 
in the compensated or decompensated phase. 

1. Procedure.— A period of thirst is started at lunch, or more commonly 
at supper the day before the test. About 6 P.M. the patient eats his usual 
supper except that the fluids are minimal, no more than 200 cc. This 
meal should have a high protein content. After this no fluid or food is 
taken until the test period is completed. At bedtime the bladder is emptied. 
This urine and any other urine passed during the night is discarded. On 
awakening in the morning or at 8 A.M., urine is passed and saved. The 
patient remains in bed and again passes urine at the end of an hour from 
tlie previous voiding. He can then arise or stay in bed. Another and final 
specimen is passed one hour from the second. Each specimen is kept 
separate and labeled with the time of voiding. The specific gravity of 
each specimen is taken accurately, making corrections for temperature and 
albumin content if necessary. 

2. Results.— If the kidneys are noi " ' t i . 

one specimen will exceed 1.022, ofter e t d 

not concentrate as well as the young. ® 

the maximal gravity is 1.010. In true uremia the' maximum mvi'tv 
between 1.010 and 1.020, usually nearer the loner figure. In nS. ni.u 
cucma which is bci ■ ■ .**•■. ■ 

renal impairment. i ' , . ■ 

with nocturia, is no - . " 

sion; in these the Sj/iinuc is ingner Humic the dav Tli^ 

gravity of the first specimen is often the highest. * specific 
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II, Lashmet and Newburgh Improved Method. —If the kidneys are 
loaded to capacity the specific gravity of urine should measure the renal 
power to excrete all the urinary constituents. The test seeks to present to 
the kidneys precisely the same amounts and kinds of products in a unit of 

tlD }^ Piocedme.— About 6 p.M. the patient cats his usual supper, avoiding 
all fluids. No food or drink is taken until the test is finished the next day. 
At bedtime the urine is voided and discarded. On waking the following 
morning the urine is voided, saved and marked “No. I." Still in bed and 
one hour later, a second specimen is obtained. A third specimen may he 
taken if the patient awakes earlier than 7 a.m. The specific gravity of tire 
2 or 3 specimens is taken. An accurate urinometer should be used, correct- 
ing for temperature if it is more than 2 3 on cither side of that at which the 
urinometer is standardized. Examine the sediment microscopically for 
casts, red blood cells and pus If the gravity is 1 025 or less, question the 
patient as to the exact following of the instructions. To chock abnormal 
gravities below 1.02G, give a dry diet for one day. The diet should consist 
of: Breakfast: cornflakes, \ cup; bread, 2 slices; sweet butter, 2 squares; 
rich cream, \ cup, sugar 1 tablcspoonful. Lunch: beefsteak; 1 small baked 
potato; crackers, 4; sweet butter, 2 squares; dates, 10. Dinner: boiled 
potato, 1; lettuce \ head; crackers, 4; sweet butter, 2 squares, dates, 4; 
peach, canned (no juice), \\ lgm. » ’ ' • 

salt is used in cooking. Bcginnin ' ■ : 

day of dry diet, no other food or dr . • ' : . ■ ...... 

all the urine from 8 P.M. until 8 A.M. the following morning. No breakfast 
is taken on this day. A second specimen is passed at 10 a.m., and a final 
one at noon. 

2. Results.— This prolonged water fast will sometimes show* normal 
concentrating power when the dry supper and overnight water fast fail. 
Normally the gravity is 1 029 to 1 032. Cases of essential hypertension 
have a gravity of 1.023 to 1.029. Iu Bright’s disease the maximum ranges 
from 1 010 to 1.029, the lower the reading the more severe the disease. 
The maximum gravity is usually 1.015 before there is an increase in blood 
urea. In heart failure the gravity tends to be constant around 1.020, but 
the twenty-four hour volume is markedly lessened. 


III. Dilution or "Water Test.— It is better to perform this test independ- 
ently of the concentration test. Preferably keep the patient in bed. Many 
patients find it difficult to take the large amount of water required. The 
test places a strain on the water-excreting function of the kidneys. It 
should not be performed in the presence of edema or of a failing circulation. 

1. Procedure.— Early in the morning the patient voids completely; 
this specimen is discarded. Breakfast is omitted. Instead he drinks 1200 cc. 
of water in twenty to thirty minutes. For lunch and dinner a dry diet is 
given, or some prefer to give the routine nephritic diet or the usual diet 
to which the patient is accustomed. The collection of the urine specimen 
vanes with different modifications of the test. Yolhard and Pahr have the 
patient empty the bladder et cry half hour until noon, beginning at S 30 vu 
the water having been gh en at S vs, I„ their method all the wine from 
1_ noon, on the day of the test, to S i li the following morning iT sated as 

aH °" s ** ^ tkat to voluntarily pass his Srine 
when he desires, saving a sample from each measured specimen passed 
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during the day. Others collect hourly specimens from 8 a.m. until noon. 
In any case the volume of each specimen is noted and the specific gravity 
taken. In the half hour method of collection, a curve is plotted. 

2. Results.— The normal individual eliminates approximately 1200 cc. 
in four hours, the larger part in the first two hours. The specific gravity 
of at least one specimen should be as low as 1.002 to 1.003 and is usually 
the largest of the hourly specimens. The quantity excreted varies between 
SO and 120 per cent of the amount taken. Later in the day the amount 
decreases and by late afternoon the gravity will rise as high as 1.025. 

If the water elimination is impaired, the quantity eliminated in four 
hours will be small, sometimes less than 200 cc., and the specific gravity 
may not go below 1.010 or above. The cause of decreased excretion may 
be renal, or extra-renal as in edema or cardiac failure. The differentiation 
between a renal or extra-renal etiology may be made by a concentration 
test, for if the concentrating power is unimpaired the cause must be extra- 
renal. But if the concentration test shows a lowered concentrating ability, 
the cause can again be renal or extra-renal. 

The ability of the kidney to excrete water may be impaired in any type 
of renal disease and is often most pronounced in nephritis associated with 
oliguria and edema. A polyuria may mask a deficient water excretion; 
even if only 400 cc. are eliminated in four hours, 2400 cc. could be excreted 
in twenty-four hours. 

Normally the variation in the volume of the individual specimens is 
marked; in severe renal impairment, there is a tendency toward equaliza- 
tion of the hourly portions. 

DYE TESTS 

The kidney can eliminate via the urine certain foreign substances that 
reach the blood after oral, intravenous or intramuscular administration. 
Many tests have been proposed on this basis including a number of dif- 
ferent dyes. In 1912, Rowntree and Geraghty published their phenol- 
sulfonephthalein test which has attained wide popularity among clinicians. 
The original test, in which the dye was injected intramuscularly, has been 
modified by Shaw who administered it intravenously. This modified 
method has been found to closely parallel the urea clearance test. In 
advanced stages of nephritis the phthalein output approaches zero and 
may fail to indicate further changes in the renal condition. 

I. Phenolsulfonephthalein Test.— The sterile dye solution is injected 
intravenously or intramuscularly and the percentages of the dye excreted 
at definite intervals are estimated colorimetrically. 

1. Reagents.— (a) Dye Solution — This is ordinarily obtained in ampules 
containing about 1.3 cc., each cubic centimeter equivalent to G mg of 
dye. It may be prepared by diluting 0.6 gm. of the dye and 0 84 cc of 
2 N sodium hydroxide to 100 cc. with 0.75 per cent sodium chloride solution 
The inonosodium salt is formed, which is irritating w > .i *»•' 


ycnmv, m alkaline solution it is a bright purplish-red, a' coTorthat mn'ho 
easily compared colonmetncally for quantitative determination 
W sodium liicaruonate . — Weigh out 4 gm. amounts. 
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(c) Sodium Hydroxide Solution.— Ten to 25 per cent in water. 

Id) Alcohol — For sterilization of skin at injection site. 

( e ) Standard Dye Solution .- One cubic centimetcrof dye solution (0 mg.) 
is mixed with 800 cc. of distilled water. Add 4 gin. of sodium bicarbonate 
or sufficient 25 per cent sodium hydroxide solution (several drops) to 
produce the maximal red color. Dilute to 1000 cc. with water. This is the 
100 per cent standard solution. It will keep, if stoppered and protected 
from light, for three months in non-soluble glass containers. The standard 
100 per cent solution can be made up freshly on each test day by using 
the small amount of dye remaining in the ampule after giving the 1 cc. 
injection. Since 100 cc. of standard is amply sufficient for the colorimetric 
comparisons, 0.1 cc. of the dye solution (6 mg. per cc.) is diluted to 50 cc. 
with water, a drop of 25 per cent sodium hydroxide solution added, and 
dilution continued to 100 cc. with w ater. 

2. Procedure.— (o) Preparation of Patient .— The patient is given 300 to 
500 cc. (2 glasses) of water to drink, to insure free urinary excretion. The 
bladder is emptied, by a catheter if necessary, and the urine discarded. 
Twenty to thirty minutes later 1 cc. of the dye, accurately measured, is 
injected into a vein at tire elbow. Intramuscular administration into the 
deltoid, gluteal or lumbar muscles may be preferred. The time of the 
injection is noted. 

(6) Collection of Specimens.— (1) After Intravenous Injection: Speci- 
mens of urine are collected, with complete voiding each time, at fifteen, 
thirty, sixty and possibly one hundred twenty minutes. Each bottle is 
properly labeled. If several hours are to elapse before the urine is examined, 
render it acid with phosphoric acid. If more than 25 per cent is recovered 
in the first fifteen-minute specimen, the function can be considered normal 
and further specimens need not be taken. 

(2) After Intramuscular Injection: Specimens are collected at seventy 
and one hundred thirty minutes from the time of the injection. All the 
mine is voided into separate receptacles labeled No. 1 and No. 2. With 
the intramuscular method a single specimen collected at one hundred 
thirty minutes will give as much information as the divided specimen. 

(c) Estimation of Output.— Each specimen is placed in a 1000 cc. cylinder 
or volumetric flask; the amount of each specimen is measured and recorded. 
If below 40 cc., results are not dependable. Add water to bring each to 
about 500 cc. Add to each 4 gm. of sodium bicarbonate or 5 cc. of 10 per 
cent NaOH, or a sufficient number of drops of 25 per cent sodium hydroxide 
solution to produce a maximal purplish-red color. Add water to the 1000 cc. 
mark. Mix by inverting several times. 


From each diluted and alkalinized specimen, filter an amount sufficient 
for the colorimetric comparisons. In using a colorimeter of the Duboscq 
type more accurate readings are obtained if the colors of the standard 

Since 50 per cent 
cunen, the 100 per 

„ . ... ' . , . i distilled water to 

make a 50 per cent standard. The colorimeter should be standardized 

calculaSmbecomes- 1 manDer ‘ The stantJ ard is usually set at 10, when the 


Reading of standard ( 10) 

Reading o( unknown X 60 h>er cent value of standard used} - per cent of dye excreted. 
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The Dunning colorimeter can be used. It consists of thirteen sealed 
ampules containing standard color solutions of 5, 10, 15, 20, 25, 30, 35, 
40, 45, 50, 60, 80 and 100 per cent. These maintain their accuracy for 
about one yea?. There is also an open ampule in which the diluted alkalin- 
ized specimen is placed; this ampule is placed in the center slot of the three 
slot comparison box provided; the standards are placed alongside the 
unknown until a match is made; the percentage is read on the matching 
standard ampule. If no colorimeter is available, dilutions of the 100 per cent 
standard in a range between 5 and 50 per cent can be made up in test tubes 
of uniform size, and the urine specimens in similar sized tubes compared 
with them. 

An alternate method is to fill one 50 cc. graduated cylinder to the mark 
with the prepared urine specimen; in a second similar cylinder place 10 cc. 
of a 50 or 25 per cent standard dye solution, depending on the depth of the 
color of the urine specimen. Add water, a few cubic centimeters at a time, 
to the standard cylinder until the color matches the urine specimen, when 
viewed through the side of the cylinder against a white background. Read 
the level of the total fluid column in the standard cylinder (this value is R 
in the formula). The calculation is: 

X percentage value of standard volution •• percentage of dye excretion 

3. Results.— (a) Normal in Intravenous Method . — Excretion of the dye 
begins in three to five minutes. In the table below are given the percentages 
of dye ■excreted by the normal kidneys. Quantities below the minimum 
figures are to be regarded as indicative of impaired renal function. 



Table 3 




Minimum 

Maximum. 

Average. 

nun. 


per cent 

per cent 

16 ... 

. . 25 

50 

35 

30 . . . 

. 40 

60 

50 

60 . . 

50 

75 

65 

120 

. . 55 

85 

70 


(6) Normal in Intramuscular Method .— Excretion begins five to eleven 
minutes after the injection. To allow for this, the specimens are collected 
at seventy and one hundred thirty minutes. At the end of seventy minutes 
40 to 60 per cent of the dye is excreted; at one hundred thirty minutes, a 
total of 60 to So per cent. In actual practice, all values over 50 per cent 
in tlic two hour period arc considered normal. 

4. Interpretation. —In normal individuals the quantity of dye excreted 
is independent of urine volume, but with severe renal impairment, the 
output of phthalein varies more or less directly with the urine volume, and 
can be increased by the liberal use of water. 

Mild nephritis gives only a delayed output, resulting in the recovery of 
less than 25 per cent in the first fifteen minutes, although over 60 per cent 
may be the total recovery at one hundred twenty minutes. In essential 
hypertension and nephrosclerosis the rate of excretion may be delayed. 
In advanced renal disease the excretory rate is diminished as well as the 
total output at one hundred twenty minutes. The method is positive before 
the blood shows retention values, the intravenous test closely paralleling 
the urea clearance figures. 
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In extra-renal conditions, such as cardiac failure and other conditions 
causing pre-renal deviation of water, low values are found, the output 
falling to 50 per cent or less of the normal, while the concentration and 
clearance tests are normal. In cystitis, pyelonephritis and prostatic 
obstruction, low percentages are met. 

Before employing the test, be sure that there is no urinary obstruction. 
At sampling time be sure all urine is \oidcd. If all extra-renal causes are 
excluded, an output of 10 per cent in one hundred twenty minutes indicates 
severe renal dysfunction with life expectancy a matter of months. \N hen 
the output falls to 5 per cent or less, the test can no longer be used to 
follow the progress of the disease; resort must then be had to blood retention 
studies. 

5. The Test in Urological Examinations.— The test may be used to 
advantage to determine the function of the two kidne} s separately. After 
ureteral catheterization and emptying of the bladder, the dye is injected 
intravenously. The catheter ends are inserted into test tubes containing 
a few cubic centimeters of 1 per cent sodium carbonate solution. As the 
urine drops into these containers the first appearance of a red color is 
noted. Dye should appear iu two to five minutes; occasionally there is a 
reflex delay to eight minutes. At 'fifteen minutes each kidney should 
excrete at least 15 per cent. If one is diseased, leas than 15 per cent is 
excreted by it and the appearance time will be prolonged; the other may 
compensate by eliminating more than 15 per cent. Both kidneys eliminate 
35 to 45 per cent in fifteen minutes, 50 to GO per cent in the first thirty 
minutes, and 60 to SO per cent in one hour. After removing the catheters 
the bladder should be emptied to see if any d>e has leaked by them; such 
leakage causes decreased values. 

6. Test in the Presence ol Bile Pigment in the Urine.— Bile pigment if 
present must be removed This is done by precipitation as the barium 
salt, the phtbalein excretion being determined on the filtrate. 

(a) Procedure. -The dye is administered in the Usual manner. One 
specimen of urine is collected at one hundred twenty or one hundred 
thirty minutes depending upon the route of administration. Divide the 
specimen into two equal parts, placing each portion in a 1000 cc. volumetric 
flask. Add to the first flask saturated barium hydroxide solution in an 
amount equal to the urine plus an excess of 50 cc. Add water to the mark, 
invert several times and allow the precipitate of bile pigment to settle 
out for a few minutes. Filter a sufficient amount for colorimetric determina- 
tion against the 50 per cent standard. If the percentage is above 50, the 
value is accepted without correction. If the reading is below 50 per cent 
the low reading may be due to adsorption of the dve by the nrecinitnte’ 
To i * ’ ^ 

tain . " 


” n 5 ot ' J ' c '" 0'= filtrate. The value obtained on 

4e first flask (A) plus 50 per cent * the expected value of the second flask 
AV\t^ '’able -s actually found, no correction need be 
applied to (A). If a loti er result is obtained some dye is adsorbed aud cor- 
rection of (A) is necessary. The formula used is: soroeu ana cor 


50— [(A-f 50)— B] x A - tbe corrected percentage of dye excreted. 
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where A is the percentage in the first flask and B that of the second to 
which dye was added. For example; If the value of the first flask is 30 (A), 
and the second is 60 (B) instead of the expected SO, then 20 per cent of 
dye was adsorbed. Substituting in the formula we get: 

60 X 30 or — X 30 or J X 30 - 50 per cent. 


- [(30 + 50) - 60] ' 


UREA CLEARANCE TEST 


I. Basis of Test— The ratio 


U ( Conc e ntration of urea in the urine) 


} B (Concentration of urea in the blood) 
utilized in 1904 by Grehant as an index of the functional capacity of the 
kidneys. Ambard and Weill in 1912, utilized the same ratio but took into 
consideration the two variable factors of urea output and urine volume. 
Their complex formula was simplified in 1915 by McLean. In .1916 Addis 
and Watanabe suggested the ratio between the rate of urea excretion and 
the blood urea concentration as a more accurate index of renal efficiency. 
In 1928 Moeller, McIntosh and Van Slyke introduced the urea clearance 
test as a measure of renal function. The test has been improved by further 
study so that now it is easily and accurately performed and gives highly 
accurate results. 

The urea clearance test serves as an indicator of glomerular function; 
fall in the clearance is a function, though not a simple direct proportion, 
of the number of glomeruli destroyed. The concentration tests are very 
sensitive to slight degrees of renal damage but they fail to show differences 
between moderate and severe renal impairment. If the concentration test 
is normal it is generally not necessary to perform further studies. But if 
it yields a urine of low specific gravity, it is necessary to determine the 
urea clearance also to ascertain whether the decreased excreting power is 
serious. Excretory power and clinical condition follow the clearance— 
not the specific gravity. 

The test is based upon the quantity of blood cleared of urea per minute 
while passing through the kidneys. Although the quantity of urea elimi- 
nated varies with the protein intake, the percentage eliminated is quite 
constant under normal conditions. In determining the urea clearance three 
factors arc considered: (1) The concentration of urea in the blood, (2) 
the concentration of urea in the urine and (3) the urine volume per unit 
of time. 

In the normal adult passing a urine volume of 2 cc. or more per minute 
(“Augmentation limit”) the urea excretion is at a maximum value. This 
maximum clearance, C m , ranges from 64 to 99 cc., averaging 75 cc., of 
blood cleared of urea per minute. When the output is less than 2 cc. per 
minute, the volume of blood cleared of urea each minute varies from 
40 to GO cc., with a mean value of 54 cc. This is designated as the standard 
clearance, C,. 

. lb Calculations.— The clearance values can be calculated from formulas 
involving the use of blood and urine urea contents and urine volume as 
follows: 

Maximal clearance (Cm) “ ^ ^ 

Standard clearance (C,) ■=> ^ 
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U = urea in mg. per 100 cc. of urine; B = urea in mg. per 100 cc. of 
blood; V *= volume of urine excreted per minute. 

Results may be expressed either as cubic centimeters of blood cleared of 
urea per minute or, preferably, as percentages of the normal clearance. 
To convert the actual clearance to percentage of normal the values obtained 
in the abo\e formula may be inultipled by 100 and then divided by the 
normal clearance values, 75 for the maximum and 54 for the standard 
clearance. 

The formulae then become: 

~ t 0 100 UV 1.33 UV 

Percentage of L m *= ' or jj — 

„ t . « 100 U\/\ r 1-85 UVV r 

Percentage of L, * - - or ^ 


In children and in adults who vary widely from the normal surface area 
of 1.73 square meters, a correction factor must be employed. In individuals 
between 62 and 71 indies in height no correction is required as the error 
involved is less than 5 per cent. In others, the urine v olumc must be multi- 
plied by the correction factor, the formula to use becoming: 


or 


Body surface area in square mctcrs_of a normal adult _ 1.73 
Body surface area in square meters of patient ** A 


C B 

C. 


_U v Vx 1.73 

— II * ~A~ 


' B 
U v 


r- 


X 1.73 
A 


The surface area of patients can be obtained from tables used in basal 
metabolism calculations. 

III. Factors Influencing the Clearance.— It has been shown that in nor- 
mal individuals the urea cleaiance varies with the renal blood flow, which 
changes spontaneously from minute to minute. Consequently, variation 
of the clearance within certain limits is a natural occurrence. It is an 
evidence of normal functional elasticity of the kidney. The usual range is 
from 75 to 130 per cent of the average normal, variations of this nature 
are to be expected. 

Caffeine, milk and small dose3 of epinephrine increase maximal clearance; 
pituitrin and large doses of epinephrine decrease it. The clearance is 
depressed during the first how after rising, and begins to slonlv and 
regularly rise from before breakfast to noon; there is a definite decrease 
after lunch, with a subsequent rise in the late afternoon and evening. 
Exercise produces a marked decrease in the clearance. In planning the 
procedure tor the test, these factors are considered. 

IV. Procedure. -There is no preliminary nrennnt^n . 


dfflerenoe whether rthe 

\ igorous exercise should be avoided. In advanced of „ vT-.° l 
the clearance has fallen to below 50 per cent patients should rest in Tr^n- 
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ing position. The test is best performed in the morning between 9 and 
12 o’clock when excretion fluctuations are minimal. 

A fairly free flow of urine should be promoted during the test to avoid 
error caused by retention of urine in the urinary passages and bladder. 
For this reason it is customary to give two glasses of water, one at the 
beginning of the test and one an hour later. Two specimens of urine are 
collected at approximately hourly intervals, with blood drawn at the 
midpoint of the test. Two clearances are thus determined. . 

After drinking the first glass of water, the patient empties his bladder 
completely, discarding the specimen. The time is accurately recorded or 
a stopwatch started. One hour later the patient voids completely, the 
specimen is saved and the time accurately noted. At the end of another 
Jour the bladder is again completely emptied, this urine also being saved. 
*t is not necessary that the urine be passed at exactly hourly intervals. 

If m... it , , *1 1 ,1 * , w nf iirmp affi 


he obtained. Provided the time is accurately known, the volume of urine 

^tntnute or per hour may be easily calculated. _ . 

blood is drawn near the midpoint of the test; it may be taken just 
Wore or after the second voiding. The exact time is unimportant as the 
Huctuation of the blood urea is but slight over such periods of time. 

After the specimens have been collected, the urine volume is determined 
■"itlun 1 per cent. Blood and urine urea concentrations are then determined 
tlie clearance values calculated by use of the formuke given above. 
tor methods of determining the urea nitrogen and calculating the clearance 
** page 201. 

^ • Interpretation.— When properly performed the test lias a high degree 
, a( *urac.v. Low results may be the result of incomplete voiding. Dehy- 
jnition as the result of diarrhea or vomiting, especially in children, gives 
0i ' tlcanint'c values although renal pathology is absent. 

*‘‘c concentration tests will usually detect impairment before the urea 
* caranre. When the clearance shows damage to the kidneys, the con- 
T^tration «f tlm urine is apt to he fixed and thus can show no further 
Ranges. The clearance will enable the physician to follow the continued 
P^grcM of the patient. In acute nephritis, if healing is to occur, the 
Uil1 “wuHy return to normal within four months after the onset, 
c the concentration mnv he reduced for many months longer. _ 

urea clearance ami the intravenous phcnolsulfonephtlialcm test 
I T. l |> cltwlv parallel one another; the intramuscular dvc test will often 
, • ll,m “onnal limits until later in the disease. In obstruction and 
rctrntu.n the phthahin test may he low compared with the clcar- 
, >«>« only a fraction of the phthalein is likely to !>c voided in tlic t«o 

Fljc urea clearance may vary markedly in normal individuals hut 
pi ' 4r,c ^ ts 4 renal im|kiininut it tends to become fixed. _ 

1 **r»r.cr values tt ii| i„. markedly reduced before there is retention of 
-trr-im in th« bh.-L Bto,*! studies will, however, show further prvgrtav* 
‘' til J' ,,c clearance has luxn reduced to aU>ut «* |Kf cent, at which point 
« to Iwujc fiud. 'Hie fliannati. n or the deposition of edrma fluid 
* l * ,e lfit * *•* it is to be preferred in rucli cases. 

inuimuni tlcarai.ee U normally about 40 j*r cent greater than the 
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standard clearance. Values of 75 per cent of normal are considered as 
indicating unimpaired renal function; those between 75 and 50 per cent 
doubtful; and those below 50 are always indicative of renal inefficiency, if 
cardiac failure can be ruled out. The pathological decrease in the clearance 
values is due either to decrease in the per minute volume flow of blood 
through the kidneys or diminution in the proportion of urea remoted from 
the blood in its passage through these organs. In early diffuse acute neph- 
ritis with red blood cells and casts in the urine, the clearance may !>c 
normal, but in the majority of such cases the clearance is below 50 per cent. 
If there is no definite rise toward normal within four months, the condition 
progresses to a chronic or terminal stage. 

When the clearance falls below 10 per cent, premonitory symptoms of 
impending uremia appear; if it falls to 5 per cent, uremia may be considered 
as established. While death may occur quickly iu such cases, in others it 
may be delayed for some months In arteriosclerotic Bright's disease and 


In chronic glomerulonephritis the clearance may be normal during the 
latent stage; with activity of the disease process the values are less than 
60 and usually under 40 per cent. Stationary periods in the clearance 
values are common and may last for months, then the downward course is 
resumed. When the clearance falls below 20 per cent in these ca6es, the 
life expectancy is, at the most, about two years, the majority succumbing 
within a year. In true lipoid nephrosis the urea clearance 13 normal. In the 
nephrotic stage of glomerulonephritis the clearance may be normal or 
slightly lowered. With the passage of time the clearance drops and the 
picture becomes similar to that of the usual glomerulonephritis. In the 
later months of pregnancy the clearance is low. Occasionally a clearance 
below 50 is due to cardiac decompensation; in such cases the urine tends 
to have a high specific gravity. 


BLOOD NITROGEN RETENTION STUDIES 

Blood chemistry determinations for detecting the accumulation of non- 
protein nitrogen, urea nitrogen, uric acid and creatinine arc more important 
from the standpoint of prognosis and the management of renal hypofin 
tion than from that of diagnosis. There is evidence of retention onl\ ift< r 
the reserve power of the kidneys has been exhausted and other tests of 
renal function are positive. Proper restriction of food intake ., r i coin 
pensatory polyuria may suffice to relieve the strain on the renal excretorv 
powers, so that even in advanced renal disease blood determinations mav 
he practically normal. Blood chemistry stud.es become important l, 
advanced decompensated renal impairment when other tests mav fall „ 
show T further progress. - 11 lo 

The concentration of non-protein nitrogenous : .. 

far exceeds their content in the blood. Their elimination i- Ii "i unn , e 
ent on the available water. Pre-renal devS&n of wm ^ ? CpenJ - 
dehydration, or increased protein catabolism, as in hiVh J* in . e ^? ma or 
pyrexia, and toxic destruction of tissue protein tend p j 0tem , mta * ie « 
retention by increasing the excretory load on’ the i-u pro ^ Uce nitrogen 

e Moneys, especially if 
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decreased concentrating power is already present. An evaluation of the 
renal as well as the extra-renal factors present is necessary. Usually when 
it is due to defective renal function the specific gravity of the urine is low. 
Nitrogen retention has less significance on a high protein intake than when 
present on a low protein nephritic diet. 

I. Urea Nitrogen Retention.— Ordinarily it should not be necessary to 
do a complete blood chemistry examination to determine the degree of 
nitrogen retention. It is more advantageous to determine the urea nitrogen 
rather than the non-protein nitrogen; ordinarily creatinine need not be 
determined unless the urea nitrogen is over 30 mg. per 100 cc. 

1. Normal Values.— The normal concentration of urea nitrogen in the 
blood is 10 to 15 mg. per 100 cc. averaging about 12. The urea nitrogen 
is approximately half the non-protein nitrogen, but in retention it may 
constitute 80 to 90 per cent. 

2. Values in Renal Disorders.— In the lar '. ■ : . • \ . " ; 

nephrosis normal values are to be expected. . ! , 

or anuria in the necrotizing nephroses, sue 


■ 1 ' ' ■ ■ ‘ _ ip to 300 mg. 

f ■ '■ ■ recovery and 

- " ■ ; 5 ■ \ ■ ■ • .. „. Persistence 

of high values indicates the establishment of chronicity. 

High values in chronic nephritis are of more serious import than in 
acute or acute exacerbation types. In chronic nephritis a concentration of 
50 mg. per 100 cc. is serious, but prolonged survival is possible; values of 
50 to 100 mg. prognosticate death usually within a year; 100 to 150, death 
within a few weeks or months; over 150, death is a matter of a few weeks 
or even days. 

In advanced renal sclerosis or in urinary obstruction, increased values 
are constant but cxtra-rcnal factors must be ruled out. In the surgical 
kidney increased values arc frequently found. Patients with retention due 
to obstruction may have values over 100 mg. per 100 cc. and yet not appear 
ill. If casts are present in the urine a coexisting nephritis is suggested. 
Patients with values over 35 rug. arc poor operative risks. 

In essential hypertension, as long as there is neither renal nor cardiac 
failure, the urea nitrogen is normal. With the onset of renal insufficiency 
and at times with cardiac failure, the blood urea nitrogen rises. This rise 
may be marked in cases of severe oliguria or temporary anuria accompany- 
ing a complicating acute coronary closure; tills quickly clears if the heart 
recox era. 

11. Non-protein Nitrogen Retention.— The total non-i>rnt#>Jn 


0,1 ,nc «tem or the rcn.il lesion, on the existence of e.Ura-renai factor am? 
prorciul «lc\ latum of water. ™ Jnu 

' :lr - V l,a "“ n “ a..,! a.-, lnR . pc- 100 ce 0[ 


2. Values ia Renal Patholorr.— In acute nrnliritU : . . 

from slight retention (r.on-protcm nitrogen 40) to extremely hi4 a ficur° n 
„,.n«n »,». The ^verity of thi renal 
.IihmuMoI .-ouieulm »l.ui the urmc amcratratian u high. The ,nar\ol 
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retention is often due to extra-renal factors, especially the pre-rcna! devia- 
tion of water that accompanies excessive vomiting, edema or fever. In 
acute nephritis the subsidence of the acute process is accompanied by a 
recession of the blood nitrogen values toward normal. Nitrogen retention 
with a low specific gravity urine is more significant of renal impairment 
than a similar degree of retention with a high gravity urine. 

In chronic glomerulonephritis it is the renal impairment that causes the 
nitrogen retention. When the retention becomes apparent it usually 
progresses with varying rapidity toward the final stages of the disease. 
The urea nitrogen constitutes a large part of the total non-protein nitrogen 
inoww tli«» creatinine retnnininrr for a considerable time within normal 


than renal insufficiency. In destructive parenchymatous Jesions oi tne 
kidneys, sucli as polycystic disease or tuberculosis, the presence of nitrogen 
retention indicates that o\ er two-thirds of the total kidney tissue is 
invobed. Single non-protein nitrogen determinations are of little value. 
It is the persistence rather than the degree of the retention that is impor- 
tant. Increased retention persisting after proper therapeutic or surgical 
measures means a bad prognosis. In urinary obstruction the degree of 
retention may be as high as 400 mg., yet on the relief of the obstruction, 
the nitrogen level may be restored to normal. In chronic passive conges- 
tion, urea nitrogen and non-protein nitrogen show little change, but the 
phtbalein output is low. 

III. Creatinine.— The normal limits of creatinine in the blood of 1 to 
2 mg. per 100 cc., are relatively fixed. As it is readily excreted, retention 
occurs only in serious renal impairment. The creatinine value is of consider- 
able importance to the clinician from a prognostic standpoint; it increases 
too late in the course of renal impairment to be of use in diagnosis. In 
chronic nephritis, with uremia, values up to 35 mg. per 100 cc. of blood may 
be found; in uremia a value over 5 mg. indicates a fatal termination. In 


acute nephritis and in acute exacerbations of chronic nephritis, extremely 
high concentrations may occur; yet with subsidence of the acute process 
the creatinine returns to normal. A maintained elevation of only a point or 
two above the normal ^for the patient under observation is serious, except 
in acute nephritis or in cases of urinary obstruction. In the urological 
patient the retention of urea tends to be higher than in nephritic cases 
having the same blood creatinine concentration. 

I\. Uric Acid. As elevations of the uric acid concentration occur in 
other^ conditions, it u not a satisfactory indicator of renal hypo- 
function. The normal limits are 1.5 to 3.5 mg. per 100 cc. of blood. The 
Jevel is not constant, varying ; from hour to hour. Uric acid is eliminated 


•.? i '.r . c \ — urn; auu is enmmaieu 

with more difficulty than either urea or creatinine. Its value is usually 
increased in both acute and chronic nephritis when there is nitrogen reten- 


^ auu UJ f un ! c nepumis wtien there is nitrogen reien- 
Precede tiatot urea or creatinine. Values of 4 to 


or i 1 uwiuiuic. t aiues oi * iu 

neDhridTiJ^T; T y ? PreSe 1 ; ° VW 30 “ rare ' In contradistinction to 
nephritis, m gout the value rarely exceeds 9 mg. per 100 cc In hyper- 
teuuon there is a slight increase which does not appear to portend renal 
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I. Congo-red Test for Amyloidosis.— Amyloid absorbs Congo-red more 
than normal tissue. The kidneys freely excrete the dye when injected 
intravenously, but much less is recovered in the urine in one hour if amy- 
loidosis is present. 

1. Reagent.— Con go-red Solution— Dissolve 300 mg. of Congo-red of 
the highest purity in 20 cc. of freshly distilled water making a 1.5 per cent 
solution. Filter and sterilize in the autoclave or by boiling. The solution 
is to be used immediately after opening the bottle or ampule and any 
remaining is discarded. 

2, Procedure.— The solution of Congo-red is administered intravenously, 
0.25 cc. being given for each kilogram of body weight, with a maximum 
dosage of 18 cc. The average adult will receive 15 cc. The proper dose is 
taken up in a 20-cc. syringe , and injected into an antecuhital vein. Four 
minutes later, 10 cc. of blood are removed from a vein in the opposite arm, 
using a fresh syringe and needle. The blood is placed in an oxalated cen- 
trifuge tube, corked, inverted several times to mix, and labeled. One hour 
after the dye injection, a second blood specimen is collected in a second 
oxalated centrifuge tube. Both specimens are centrifugalized for twenty 
minutes and the plasma pipeted off. The colors of the two specimens are 
compared in a colorimeter, the four minute plasma being considered as 
the 100 per cent standard. It is placed in the left hand cup of the color- 
imeter and set at 10 mm. The sixty minute plasma is matched against it. 
The formula for the calculation is: 


1 0 (reading o f standard) X 100 
Reading of one-hour specimen 


percentage dye in one hour. 


One hundred minus the percentage of dye in the one-hour specimen equals 
the percentage of the dye excreted by the kidneys or taken up by the 
tissues. The urine is collected at the same time the one-hour blood sample 
is obtained. A deep red color indicates renal excretion and nephrosis; 
slight pink tints are disregarded. 

3. Results.— Normally less than 30 to 40 per cent of the dye disappears 
from the blood in one hour. In amyloid disease from 40 to 100 per cent 
disappears from the blood in that period. In chronic nephrosis the dye 
disappears more quickly than normally, values of 40 to 60 per cent being 
found, whereas in amyloid disease the value is usually over CO per cent. 
Abnormally rapid disappearance of the dye occurs in amyloid nephrosis, 
chronic nephrosis and the nephrotic type of glomerulonephritis. In neph- 
rosis there is also much dye in the urine. Smaller amounts are found in the 
urine in glomerulonephritis with edema. If there is a little or no dye in 
the urine, with disappearance from the blood, amyloidosis is the cause. 
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CHAPTER III 


HORMONAL TESTS FOR PREGNANCY 


By Cleon J. Gentzkow and Howard A. Van Auken 


IUkkly docs tlic clinician meet with problems in differential diagnosis 
which arc more confusing than those in which tlie possibility of early 
pregnancy must be considered. Vaginal bleeding is one of the most fre- 
quent symptom? of gynecological pathology and very often necessitates 
consideration of threatened abortion as a possible diagnosis. 

During the past decade nnd a half certain hormonal tests for early 
pregnancy ha\ e been developed. With experience a high degree of accuracy 
has been obtained and at the present time, these tests, carefully done, give 
conclusive evidence of the presence or absence of pregnancy very early 
indeed. 

Characteristic of the Ascbhcim-Zondek test and of the various modifica- 
tions is the fact that the reaction of the test animal depends on the presence 
of certain pregnancy hormones in the blood and urine of the subject. For 
tliis reason a brief review of the origin and nature of these hormones is 
indicated. 

It had long been believed that the pituitary was linked up in some way 
with the ovaries but it required the workof Zondek and Aschheim, Smith ami 
others to establish this relationship. The anterior pituitary controls their 
activity through the action of two hormones known by a variety of names 
among which gonadotropic sex hormones and prolan are the most common. 
One of these, often called the “follicle-stimulating hormone,” (F.S.II.) 
stimulates the development of the ovarian follicles with the resultant 
production of corpora hemorrhagica. 

The ovarian follicle during the process of maturation produces gradually 
increasing amounts of estrogenic hormone known commonly and sold 
commercially as estrin, theelin, folliculin, amnio tin, etc. Occurring in 
many different but related forms, the generic term of estrogen has been 
applied to it because of its ability to produce estcus in castrated animats. 
- ’ * this discussion only its chief 

1 . ' and governing the rhythmic 

— ^ mentioned. 

At approximately the height of maturation of the ovarian follicle the 
second of the anterior pituitary gonadotropic hormones begins to function. 
This hormone produces luteinization of the follicle after ovulation has 
occurred, resulting in the formation of the corpus luteum. Once luteiniza- 
tion begins the follicle then starts secreting its second hormone, proges- 
terone. this hormone has two important functions. One is to produce 
secretory changes m the already built up endometrium, changes necessarv 
before implantation can take place. The n tW f, ® inhibition 


■ . ' _ hormoi: 

“* L1 ‘vt' IU °.v anu ex ^ rete<1 »n large quantities in the urine in pregna.no 
was inreahty that produced by the anterior pituitary. The Ease 
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amount found in the urine was believed to be due to increased activity of 
the gland during gestation. , , . 

It has been proved more recently, however, that the hormone of preg- 
nancy urine, anterior pituitary-like in its actions, is in reality secreted by 
the trophoblast of the fertilized ovum. It is, therefore, properly known as 
the trophoblastic or chorionic gonadotrophic hormone, the name given it by 
Novak, and it is upon the presence of this hormone that most tests for 
pregnancy are based. This chorionic gonadotropin is also dual in char- 
acter, having both follicle-stimulating and luteinizing components. 

In addition to producing chorionic gonadotropin, the placenta elaborates 
large amounts of estrogenic hormone and also of progesterone. 

Whether the chorionic gonadotropic hormone and the estrogenic hormone 
are each single entities or are composed of several hormones, each with 
different though similar functions is a moot question. It is definitely 
known, however, that each appears in the urine as several different but 
chemically related compounds. 


METHODS 

I. The Aschheim-Zondek Test.— 1. Materials.— (a) Urine Specimen.— 
Collect a fresh morning specimen in a clean container. Sterility is not 
necessary. At least 25 cc. arc required. It is well to restrict fluids the 
previous night in order to secure a more concentrated specimen. Chill 
immediately and keep refrigerated until used. If chemical preservation is 
necessary, add l drop of tricresol per 25 cc. of urine. All medication should 
be stopped since some drugs, such as ergot, quinine, arsenic, barbiturates, 
morphine, codeine and aspirin, may be excreted in the urine and may kill 
the test animals. , , . 

(6) Animals .— Five immature female white mice, twenty-one to thirty 

days old, weighing 6 to 8 gm. 

2. Procedure.— Warm the urine to about 40 C., not more. If the 
specimen is cloudy, filter it; if alkaline, acidify faintly with dilute acetic 
acid. Use a tuberculin syringe and a 24-gauge needle 1 \ inches long. 
Inject 0.4 cc. of the urine subcutaneously into each of 5 mice three times a 
dav for two days, making a total of six doses. Kill the animals ninety-six 
to one hundred hours after the first injection using ether or illuminating 
gas. Autopsy the animals carefully in order to prevent escape of blood 
into the abdominal cavity, for such leakage may mask the ovaries and tubes. 

3. Results.— In most cases the changes arc visible with the naked eye. 
When necessary a hand lens may be employed. 

(u) Xcgatite.—' The ovaries and tubes arc white and small, the ovary 
rarely being larger than 3 mm. 

(6) iW/mr.— Aschhcim describes three types of reaction: 

Reaction I-eonsists of follicular ripening with hyperemia aud swelling 
of the follicle w ith secondary cstrus. 

Reaction II— follicular hemorrhage with the formation of corpora 

hemorrhagica. 

Reaction III— follicular lutemization with formation of corpora lutea 
iitrctica. 

Only reactions II and III may be considered as evidence of pregnancy 
The ovaries will be enlarged and iivpcrcniic with bright red. points Q,5 tp 
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1 inm. in diameter projecting above the surface, Tiic presence of a single 
(orpus may be considered a positive reaction. Corpora lutca arc indicated 
b\ graying yellow spots. t . 

* Occasionally it may be necessary to examine the ovancs microscopically. 
This tan be done by pressing the ovaries between t»o glass slides held 
together by a rubber band. 

In addition to the above the effects of the ovarian hormone may he 
visible, as evidenced by enlargement and hyperemia of the uterus, dilata- 
tion, enlargement and hjperemia of the tubes, and premature opening of 
the vagina. , , » • » 

1. Detoxification of TJnne.— Some urines may he toxic to the annuals. 
Many, but not all may be detoxified by the method of Zondek. Filter 
30 cc. of the fresh urine and add 90 cc. of ether. Shake \ igorously for five 
minutes in a separately' funnel and allow to layer. Draw off the urine into 
a beaker and allow to stand in the open air until the residual ether evapo- 
rates. Dissolve 0.0 gui. of glucose in tins ether-extracted urine, and keep 
the specimen in a refrigerator until Used. 

IL The Friedman Test.— The use of mice is ojxm to certain objections: 

(1) a sufficient constant supply of immature animals is hard to maintain, 

(2) results may be difficult to read, (3) the test requires ninety-six hours for 
completion, (4) the method with its multiple injections into multiple ani- 
mals is tedious. 

1. Materials.— («) Urine Specimen .—' The same as that described above 
for the Aschheim-Zondek test. 

(6) Animate .— One rabbit is used for each test. The rabbit should he a 
healthy female, umnated, non-pregnant, over three months old, 4 pounds 
or more in weight. Females should be kept separated from males for three 
w eeks to one month before use, since the gestation period is about thirty 
days. The test animal should be isolated for seven to ten days to obviate 
any mechanical stimulation of sexual organs that might produce confusing 
ovulation. 


upon UK sue uu- ear vein oi me . rabbit, slowly inject 10 cc. of urine 
into the v ein. Stroking the car , applying warmth or xj lenc to it or clamping 
near the base with a paper clip will bring out the vein. The animal is 
anesthetized and the ovaries examined through an abdominal incision 
forty-eight hours after injecting the urine. 

The oval}- is cylindrical, nflitc or pale pink 
and budded with small, clear, unripe follicles. The uterus is not injected. 
(b) J>MtfiK.-The ovaries are studded with 1 to G or more corpora 

Z “ d i rk reJ Uood P° ints ’ projectins above the 

surface Corpora lutea may be present as yellow snots. Hose spots in 
large clear follicles are suspicious, requiring repetition of the test The 
uterus and tubes are injected and coiling is increased. LuteinSitS. begins 
in the corpora hemorrhagica after forty!cight hours. 1 ' ute,nizatIon be S‘ ns 

anhn“i a not?i™th U !t an '? T 11 ° var >' is s "6gcstive of an immature 
X7fSi^S£lt t e ' 0 ‘f d . res P°? d to stimulation. Occasion- 
corpora hemorrhagica haToccSSd” S^ tie s P°” lancous f° r “ a * n °{ 
rounded, with the uterus wd^ 0 " aW>ear duI1 red anJ 
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Note.— The animals may be re-used provided they are opened under 
anesthesia, observing the usual sterile technic. Negative animals can 
be used again immediately. Rabbits showing a positive result can be used 
after being isolated for ten to fourteen days. The abdominal wound should 
be closed in two layers. 

III. Frog Test (llcllerby, 1934).— The use of the South African clawed 
frog, Xcnopus far is, for the diagnosis of early pregnancy has many ad- 
vantages. The test is based upon the fact that the mature female frog 
carries eggs throughout the year which arc extruded only after mating or 
following the stimulation of the hormones peculiar to pregnancy. By 
keeping the frogs isolated from the male, they become an ideal test animal. 
The result of the test may be determined in four to eighteen hours, no 
operation is necessary, there is but one injection to be given and the inex- 
pensive animals can be used over and over again. The test, if properly 
performed, is at least as accurate as cither of the above described tests. 

1. Materials.— (a) Urine Specimen.— Whole fresh urine may be used but 
a concentrate is more satisfactory. Acidify SO cc. of fresh morning urine 
faintly with acetic acid. Add ICQ cc. of acetone, mix and let stand for 
fifteen minutes, l’rotcins and the hormone precipitate out. Ccntrifugulizc, 
decant the supernatant Uuid and wash the precipitate twice using 20 cc. of 
ether each time. Allow to dTV, stir up with 2 cc. of water and ccntrifugaUzc 
again. The hormone goes into solution but the protein does not. Just 
prior to injection i>our off the 2 cc. of solution, adjust the pll to 5.5 using 
sulfosalicylic acid with nhrazino pajtcr as the indicator. One cubic centi- 
meter of this 10 times concentrate is injected into a frog, the other being 
retained for recheck if desired, or a second animal may be injected im- 
mediately. 

(6) Jnimah.— One or Inyo female frogs (A 'cnopus far fa). The frogs 
may be kept in large tanks, covered w ith water to a depth of 3 inches. Two - 
tanks of nUrnt IQ gallons capacity will be required fur each 10 animals. 
One tank is reserved as a rest tank for those animals which have been used* 
recuperation requires alxrut four weeks. In the other arc kept rite animals 
ready fur immediate tt.se. The frogs are fed small strips of beef heart liver 
and garden worms (if available) twice a week. 


Procedure.- Draw* l cc. of the urine concentrate up into a small 
Exaoung earc, thrust the needle 
thu frog, then direct the needle 
• , , , ijinaighout its course, tile needle 

diimlil Ik: mk .11 vitally ju-t liencatli tile shin. A firm gentle thrust carries 
the MKiilc through the cuuncctli e tissue into the dorsal ivmph sac Gre t 
ore ij nrrc.xiry tn keep the needle flum entering l),e Ul lung and hilling 
ihc jimuial. lnjcit the Urine eimcuitutc into the sac and nilhdraw the 

Ware the animal in a 2 gallon jar. filial in a depth nl i! inches aid, u.,ter 
A auc mcdi MtT* n Kl.ad.I Le plaix.1 aUul an inch ahoic ihcboltcu of tlij 
jar In tiro cut the amuul (mm eating itso.n u. 'phe tcinwrat,,.. . r . 
Klttr ill all tank. .honll Ik: U.e Maine, and d.oidil Uc UnSTe ' '' 
Keep the la, A. in a bright, airy pW lhumh* tl* > gT T 
Ik ginning to .r t.u..r, alter the injeeLr, and ^ 

Aiu, la.!, „ It l..ra,d any egg. aid, !, saj adl.^ m d ' 
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3. Results.— («) .VrjoliM.-Xo ova are deposited otcr a period o! 

Cl ^) liC pMSir”-The appearance of ova which arc easily observed maero- 
scopically is a positive result. Usually hundreds of ova will be deposited. 
At tbe conclusion of die observation the animal is placed in tile rest tank 

"for rccup^ T £st (or pregnancy.— This test, based upon the dunonstru- 
tion of cs trin in the urine of the pregnant u uinan, depends upon the ebanges 
induced in the loner genital tract of the castrated female mouse. . 

1. Materials.— (n) Urine Sterna i.— As described for tbe Aselllleltn- 

Zondek test. , , . , , , . . - 

(b) Animals.— Castrated, adult, female, white mice, 3 to 
o procedure.— Prepare the urine as abo\ e. Inject Id ee. subcutaneously* 
into each of the mice in 0 div ided doses over a period of two days. At the 
end of four days after the first injection vaginal smears arc prepared and 
examined microscopically. 

'A. Results.— (a) Xcgatirc .- 1 lie smear consists primarily of leucocytes 


(6) Positite.S on-nucleated epithelial cells predominate, showing conn- 
fication of the vaginal mucosa; leucocytes and mucus are absent. Mud 
reactions with some 11011 -nut. lea ted cells present but also showing a number 
of leucocytes aud some mucus cannot be considered jwsitivc. 

V. Interpretation of Results.—' These tests are approximately 93 per cent 
accurate in diagnosing early pregnancy. They become positiv e within four 
to five i ■ ■ ‘ 1 . 

tion wa ■ ■ ‘ • . • ■ ■ 

indefinite, auuuiu u.^ v*° 0 it _ 

nrccnancv has been made, it is certain evidence of fetal death; otherwise 
they continue positive until five to seven days after parturition. In ectopic 
gestation, a positive reaction is obtained in only about 50 per cent of tbe 
cases. The estrin test is not positive as early as tho^c tests based on the 
presence of chorionic gonadotropin in the urine. Few cr false posttiv es are 
obtained, however. 

The Aschheim-Zondek, Friedman and frog tests may give false positives 
in such conditions as the early menopause, hyperthy roidisin. ovarian cists, 
endometrial hyperplasia or uterine carcinoma. Primary ovarian failure, 
where pituitary compensation has taken plate, may also give a positive 
reaction. Performance of the estrin test may serve as a check on the 
diagnosis in these cases. 

VI. Tumor Diagnosis.— Quantitative Aschheim-Zondek Test.— As long 
ns viable placental tissue is present these tests are positive. Thus, in 


disorders as in pregnancy. 

A. In Females.— A quantitative test is carried out diluting the urine 
1:10, 1:50, 1:100 and 1:1000. Inject 0 5 cc. of these diluted urines into 
each of 5 mice as for the Aschheim-Zondek te3t. If the 1:10 dilution 
gives a positive result not less than 3330 mouse units of hormone per liter 
of uriim are indicated. Correspondingly higher concentrations are present 
i( the higher dilutions are positive, mile the hormone is usually present 
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in increased amount in chorionepithelioma, a negative result does not 
necessarily exclude this condition. 

B. In Males.— Chorionic gonadotropin is also found in the urine of males 
who have teratoma of the testis. It can also be found in the fluid of 
hydroceles that may accompany these tumors, or in extracts of the tumor 
tissue. In many of these tumors the amount of hormone present is below 
2000 units per liter, which is the smallest amount that produces visible 
macroscopic changes in test animals. The usual tests, employing the urine 
as passed, would in such cases give negative results. In order to demon- 
strate macroscopically the presence of the hormone in urine from the less 
malignant types of teratoma testis, some concentration method must 
he used. 

1. Concentration Method.— (a) /’reparation of Concentrate . — (1) The fresh 
morning specimen of urine is filtered if cloudy, and if alkaline is rendered 
faintly acid to litmus paper with a few drops of w eak acetic acid. 

(2) Add 100 cc. of 95 per cent alcohol to 20 cc. of this urine and mix by 
inverting several times. The mixture is allowed to stand overnight, the 
hormone separating out in the precipitate. 



(«J) The following morning the Mipcriutant fluid is removed, leaving 
about 20 cc. over the precipitate. This is centrifugali/cd for five minutes 
at 2000 r.p.m. The remaining supernatant is paired off. 

O) Add 30 cc. of ether lu the precipitate and mix by stirring with a 
glavt n*l for ten minutes. Again cintn/ugalize for five minutes and pour 
oir the ether. 

(5) Distribute the precipitate around the bottom of the tul*\ using a 
glad n d, and allow it to dry- Add I cc. of distilled water; mix and allow 
to stand overnight. 


O'O Crntrifugahio tins mixture the following morning. The water now 
the hormone; it is pipctnl off ami kept in die refrigerator until 
u^l. Thu cUrait u a f»X concentrate of the fresh urine. Stronger 
extracts may nunc by modifying the method. 

(t) .tr.ir.jf7 l K /.-As in the A'chl.cim-Zondck tot, immature ft male 
mwe uyg .mg d t.i S gut. ami Unify to thirty da> e old arc untl. In tlic 
tr't »j 1 4 li.oc time arc emj*I«»jol. 

(c) MtlLJ aaX U*ui.cw* injection it implied as u» the 

.W..l.c.:.». < k/:,.a. lest, l.nc rath i4 3 mice 5 doses of 0.1, atM | o.J cv. 
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respectively of fresh urine and to 3 others similar amounts of the 5X 
extract as shown in Figure 1. One hundred hours from the time of the 
first injection the mice are hilled with illuminating gas and the ovaries 
examined. The readings are made both macro- and microscopically, and 
judged according to reactions I, II and III as described above. 

(d) Resulis awl Interim lotions (According to Ferguson).— Usually male 
urine contains no chorionic gonadotropin, so the appearance of reaction I 
has here a specific significance. It appears in urine in cases of teratoma 
testis as early as two or three months after the known onset of the disease. 
The amount present in the urine, excluding die chorioncpithcliomas, aj>- 
pears to be in direct proportion to die embryonal character of die tumor, 
the highest values being found in the embryonal adenocarcinomas, the 
lowest in the teratomas of adult type. The amount excreted also depends 
on the mass of \inblo tumor tissue present; the destruction of die tumor 
tissue by radiation will be reflected by a decrease in the amount of hormone 
excreted in the urine. 

Negative results do not necessarily exclude die presence of a teratoma 
testis 

As in pregnaucy, the test is positive before clinical evidence appears; 
die test detects and anticipates metastatic spread or recurrence, when 
clinical signs arc still absent. 

The quantitative determination of die hormone output in die teratomas 
of the testes permits dieir grading and typing, decrease of malignancy being 
accompanied by lessened hormone output. 

Grade 1 is the chorionepidielioma of the testis with an output which 
may exceed 50,000 M.U. per liter, and gives reactions I, II and III in all 
test mice. 

Grade 2 is the embryonal adenocarcinoma, with an output of 10,000 to 
40,000 M.U., with reactions I, II and III in all test mice. 

Grade 3 is the embryonal carcinoma with lymphoid stroma, giving an 
output of 2000 to 10,000 M.U., with reactions I and II in all test animals, 
reaction III appearing only in those animals given die 5X extract. 

Grade 4 is the seminoma, with an average output of 1000 M.U., and a 
range between 400 and 1000 M.U. with reactions similar to Grade 3. 

Grade 5 is die teratoma of adult type, giving 50 to 500 units. The 
mice injected with fresh urine are usually negative, and reaction III docs 
not occur even in mice injected with the 5X extract. 
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GASTRIC AND DUODENAL FLUIDS 


By Cleon J. Gentzkow and Howard A. Van Auken 


GASTRIC FLUID 


Introduction.— The gastric juice itself is a thin, light colored fluid of 
complex composition. It is normally acid in reaction, contains about 
0.5 per cent of solids and consists of water, hydrochloric acid, sodium 
chloride, potassium chloride, phosphates, mucin, and the enzymes pepsin, 
rennin and gastric lipase. It is well to remember, however, that the gastric 
contents are not only supplied by the activity of the gastric glands but also 
include a variety of materials swallowed and others regurgitated from the 
small intestine. Pus, blood, bacteria and tissue fragments from the nose, 
mouth, pharynx and esophagus may reach the stomach; similar materials 
from the duodenum and gall bladder may be regurgitated through the 
pylorus and with the reversal of peristalsis, the fecal contents of the 
jejunum and ileum may likewise gain entrance. 

The exact mode of secretion of the hydrochloric acid of the gastric 
juice has not been definitely established, although it is known to be pro- 
duced in the glands of the pyloric third of the stomach. Its concentration 
may reach 0.4 to 0.5 per cent or pH 1.05, but this maximum is reduced to 
about 0.2 per cent by the proteins of the food, and by regurgitation from 
the duodenum. The hydrochloric acid combines loosely with the proteins 
forming acid metaprotein in preparation for digestion; this acid is desig- 
nated as "combined HC1.” When all of the protein has been thus combined 
the additional acid secreted remains as ‘’free HC1." Certain acid salts and 
organic acids may also be present in small amount, adding to the total 
acidity. 

The enzymes pepsin and rennin arc also secreted by the glands in the 
pyloric third of the stomach as the zymogens, pepsinogen and renninogen. 
Both zymogens are activated by the hydrochloric acid. 

There is at ail times a slight continuous flow of gastric juice amounting 
to from a few to GO cc. per hour. This secretion may be increased greatly 
in response to many different stimuli. On awakening some individuals 
increase the quantity secreted; others require the stimulation of the sight or 
odor of food, the so-called psychic or appetite secretion. The gastric phase 
of flow is initiated by the passage of food into tbe stomach, apparently 
due to the food itself, its breakdown products, distention of the stomach 
or to a hormone, gastrin, which seems to be identical with histamine 
Gastrin acts directly on the acid secreting cells by way of the blood stream 
A third phase of secretion, the intestinal, is brought about by the action of 
nail intestine. 


low in protein as fruits and 


m of the gastric juice may vary markedly 
k! ingested. Meats and high protein foods 
— -emain longest (three to four hours). Foods 
vegetables give rise to low acidities and leave 
(57) 
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the stomach soon (one and one-half to tv o hours). Fats in genera] have an 
inhibitory effect on secretion and motility. 

Disease conditions may also profoundly alter the character and amount 
of the gastric Juice. Disorders of the stomach may lead to hyper- or hypo- 
secretion; the same is true of changes in the duodenum. Pathologic con- 
ditions in the liver, gall bladder or pancreas may he reflected in the 
gastric juice. Blood disorders, notably the primary anemias, regularly 
cause complete suppression of free HC1. It must not be supposed that every 
change in the gastric juice is caused by disease, however. Hypochlorhydria 
is a normal finding in some individuals, especially in the older age groups. 
In some atrophic lesions of the gastric mucosa, there may be persistent 
suppression of the secretion of hydrochloric acid and of the ferments; this 
is designated achylia gastrica. 

As one of the factors considered in gastric analysis is the amount of 
contents recovered, the factors concerned in the propulsive movement of 
the stomach should be kept in mind. Gastric evacuation occurs when the 
intragastric pressure near the pylorus exceeds the resistance of the sphincter. 
Different foods are discharged into the duodenum at varying rates, depend- 
■ ■' ' ydrochloric acid. It 


lates the sphincter to close again. Hyperacidity tends to delay gd»inc 
evacuation, as do other intra-abdominal stimuli such as gall bladder or 
appendiceal reflex irritation. 


Methods of Gastric Analysis 

The older methods of gastric analysis, such as those of Topfer and 
Rehfuss, have been shown to be of little value in most cases. One reason 
is because there are such wide variations in the quantity and acidity of 
the gastric secretion in normal people. With advancing age there is an 
increasing frequency of anaeidity. Fully one-fourth of all healthy indi- 
viduals over sixty years of age have practically no gastric secretion. 

Studies of the gastric juice are helpful, however, in some conditions. 
If free hydrochloric acid is present in the gastric juice, pernicious anemia 
may be ruled out in a doubtful case. In suspected duodenal ulcer a high 
basal acidity is quite suggestive while on the other hand, a low acidity is 

high or 
3t in all. 


b35vk “ * ■ ' ormerl >' 

For many years it las been customary to give some type of test meal 
tvrtli the idea of stimulating gastric secretion. Many objections to such a 
procedme may be raised. In addition to the dilution which is produced, 
the test meal also exercises a buffer action which tends to obscure the true 
state of secretory activity. The stimulus offered by the ordinary test rueal 

b ™, S ° Ut a* fuU Capabi,itira °< secretory mechanism. 
For these reasons the modem trend is to two types of procedure: (1) 

IbLks T-nri, °i ba ? al « astr f section obtained without artificial 

S hltamke lh ,m “ obtaiMd a,ter 
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Physical and chemical examination of the specimens secured by these 
methods gives all necessary information. 

1. Test of Basal Gastric Secretion.— 1. Preparation of Patient. — The 
patient is prepared as if for basal metabolism test. No food or drink is 
given for twelve hours and the patient is kept at rest. 

2. Procedure.— Pass a gastro-duodenal tube of the Rehfuss type, cooled 
but not lubricated, for a sufficient distance to allow the tip to reach the 
most dependent part of the stomach. Maintain the position of the tube by 
strapping it to the angle of the mouth with adhesive. Have the patient 
expectorate all saliva into a basin or sputum cup; urge him not to swallow 
any. Emphasize this throughout the test. 

\Yith the tube in position aspirate all stomach contents using a 50-cc. 
Luer syringe. The fasting residuum usually amounts to 10 to 50 cc. of 
turbid, colorless or slightly bile-stained fluid with a variable admixture 
of mucus. If pyloric obstruction is present, the residuum will be much 
greater. Keep up continuous suction with the syringe, securing successive 
portions each ten minutes for an hour. After the first few ten-minute 
periods the secretion of gastric juice usually readies a steady level. Keep 
each specimen in a separate tube, with proper identification. 

The amount so obtained and its acidity are taken as the basal secretory 
value for the individual. Remarkably constant results are obtained on the 
same subject on successive days. 

3. Normal Values.— (a) Volume .— In healthy individuals the amount 
secreted in a ten-minute period varies from 5 to 25 cc. 

(6) Acidity .— The total acidity varies from 0 to 110, expressed as cc. of 

0.1 N alkali required to neutralize 100 cc. of gastric contents. The free 
HC1 usually requires 10 to 30 cc. less alkali (0.1 N) to neutralize it, per 
100 cc. of gastric juice. 

If any large amount of bile is regurgitated it will vitiate the results, 
requiring repetition of the test. As a rule this measurement of basal 
secretion suffices, but if there is no free acid present, the following pro- 
cedure must be done. 

II. Histamine Test of Gastric Function.— Of the various pharmaco- 
dynamic drugs used to promote gastric secretion, histamine is by far the 
best. It stimulates the greatest flow of juice of the highest acidity the 
stomach is capable of producing and has but few side effects. It produces 
a wheal at the site of injection and may cause hot flushes of the face and 
neck but there are no noteworthy constitutional symptoms. 

1. Preparation of Patient.— As for the basal test. 

2. Procedure.-— Pass the tube and aspirate all fasting contents. Con* 
tinue aspiration collecting the fasting secretions for two or three ten- 
minute periods, until they have reached a minimum. 

Inject the proper dosage of histamine hydrochloride subcutaneously. 
T he usual dosage is 0.01 mg. per kilo of body weight. A solution containing 
1 mg. per cc. may be made. Stored in the refrigerator it will keep for 
several weeks. 


Continue the aspiration for four to six ten-minute periods. Place each 
portion in a properly labeled tube. 

Some practice ia necessary before the aspirating procedure can b<* 
earned out satisfactoriiy There is a tendency at first to traumatize the 
mucosa since it is difficult to make continuous aspiration during the alter- 
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nating phases of tone and relaxation to which the fasting stomach is sub- 
ject. After a little experience a tactile sense is developed which makes the 
procedure easy. 

3. Normal Values.— (a) Volume .—' The amount obtained varies from 
5 to 50 cc. in normal individuals. Only rarely is the latter figure exceeded. 
In the majority the maximum ten-minute amount varies from 15 to 40 cc. 

(b) Acidity .— The highest total acidity varies from 0 to 1G0, expressed 
as the tv* of 0.1 N alkali required to neutralize 100 cc. of gastric fluid. In 
the majority of normal people it lies between 80 and 130. 

4 Sources of Error.— It is possible that in spite of continuous aspiration 
jill of the gastric contents may not be recovered in any ten-minute period. 
Also, some gastric secretion may escape through the pylorus. However, 
it is quite unlikely that any considerable amount would be lost in this 
manner. 

If regurgitation from the duodenum occurs as evidenced by marked bile 
staining, the test is worthless and must be repeated. 

The fluid aspirated is usually clear or slightly opalescent with more or 
less mucus which can be removed by centrifugalization. This fluid is 
suitable for all physical and chemical tests. 


Physical Examination 

1. Macroscopic.—!. Quantity.— The average adult's stomach has a 
capacity of approximately 1500 cc. The fasting residuum varies up to 
100 cc. but rarely exceeds 50 cc. An increase may be due to retention 
caused by pyloric obstruction or spasm, or to regurgitation of duodenal 
contents. With obstruction the amount retained may be large, varying 
up to several liters, and containing particles of food eaten more than 
twelve hours previously. Duodenal regurgitation is recognized by bile 
staining of the contents. 

2. Emptying Tune.— The emptying time varies within wide limits but 
the normal stomach usually empties within seven hours after a light meal. 

3. Appearance.— The normal fasting residuum may be thin, clear and 
colorless in those who have a continuous free flow of gastric secretion. 
However, as a rule it is turbid, colorless, gray or bile-tinged, with a greater 
or lesser admixture of masses of saliva and mucus. Some specimens are 
thin but mucoid or syrupy. Blood may appear as such but ordinarily in 
small amounts it is changed to a light or dark brown by the acid of the 
gastric juice, larger amounts which have remained in the stomach for 
any period of time may have a coffee grounds” appearance. Blood most 
often is tlie result of trauma from the tube but may come from cancer 

“ “"be ZxT* VOnCOS,t,eS - In or tissue fragment^ 

4. Odor.-Ciear, teh gastric juice has but slight odor If much 
or saliva is present there may be a slightly sour mustv ndo. n 1 
rarely, with the sloughing of tissue, is the odor foul * ^ ' y Vl 


mucus 

"cry 


I. Acidity Determinations,— In both the h-ral i - , . 

customary to determine the total acidity and^he h' S y mi r, e '“ ls : 
fasting residuum and on each ten-mi„utTspeoimm hydmhl °™ on 
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1. Reagents.— (a) Sodium Hydroxide, 0.1 N solution. 

(b) Pkenolphthalein Indicator.— Dissolve 0.1 gm. of phenolphthalein in 
100 cc. of 50 per cent ethyl alcohol. 

(c) Topfer’s Indicator.— Dissolve 0.5 gm. of p-dimethylaminoazo- 
benzene in 100 cc. of 95 per cent ethyl alcohol. 

2. Procedure.— (o) Free HQl.— Filter the specimen if necessary. Measure 
5 cc. of specimen into a small porcelain evaporating dish or into a small 
beaker. Add a drop or two of Topfer’s reagent. If free HC1 is present a 
bright red color is produced. Titrate with 0.1 N NaOH until the bright 
cherry red changes to a salmon pink. 

(6) Combined Acidity.— Add to the specimen above, one drop of phenol- 
phthalein indicator and continue the titration until a faint pink which 
persists for two minutes is produced. 

3. Calculations. — (a) Free Acidity . — The number of cc. of 0.1 N NaOH 
used times 20 gives the free acidity value. 

(6) Total Acidity.— The total amount of 0.1 N alkali used for both the 
free and the combined acidity multiplied by 20 gives the value for total 
acidity. 

II. Blood.— Occasionally it may be necessary to examine a specimen for 
blood by chemical means. The benzidine method is one of the most sensi- 
tive provided the reagents are of satisfactory quality. 

1. Reagents.— (a) Benzidine.— A saturated solution in glacial acetic 
acid. Stored in a dark brown bottle this solution keeps fairly well. 

(h) Hydrogen Peroxide.— The usual 3 per cent solution. Since peroxide 
deteriorates rapidly it should be tested before use. Add a few drops of a 
solution of potassium dichromate in sulfuric acid to 2 cc. of the peroxide. 
A deep blue color indicates that the peroxide is still active. 

2. Procedure.— (a) Direct Test.— To 3 cc. of benzidine solution add 2 cc. 
of gastric contents and mix. Add 1 cc. of hydrogen peroxide. 

! ' . ' ' contents 

solution. 

. A . . iscard the 

ether extract. Make the residue slightly acid with acetic acid and again 
extract with ether. Evaporate the ether to dryness on a water bath. 
Dissoh c the residue in 1 cc. of water, then add a few drops of the benzidine 
elution and a drop or two of hydrogen peroxide. 

3. Result.— If blood is present a green to deep blue color develops, the 
depth of color depending on the amount. Too much benzidine or too much 
peroxide interferes with the delicacy of the test. 

Ill, Other Tests.— Teats for lactic acid, gastric enzymes, protein, 
chlorides, etc., give no information of clinical value. They arc no longer 
»d\i.sed in routine work. 

DUODENAL FLUIDS 

Introduction.— The duodenal contents arc a mixture of duodenal secre- 
tion, the pancreatic juice, bile and the chyme discharged from the stomach. 
1 he usual procedure includes macro- and microscopic examination, and 
for Pancreatic enzymes. The fluid is removed from the duodenum by 
s 1 1 « mna gc through a flexible tube. After removal of the residual contents 
the flow of bile is stimulated by injecting magnesium sulfate or other sub- 
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stance which relaxes the sphincter of Oddi, or by use of a physiologic 
cholagogic agent such as olive oil, peptone or oleic acid. 

1. Collection of Specimens.— 1. Introduction of the Tube.— The patient is 
prepared as for a test of basal gastric secretion. 

The duodenal tube marked at 40, 56 and 70 cm. (indicating the distance 
from the lips to the cardia, the pylorus and the duodenum respectively) 
is introduced into the oropharynx. The patient is instructed to swallow, 
aided by mouthfuls of water if necessary. The tube may be gently urged 
past the glottis; once by this point it passes readily into the stomach. 
When mark II has readied the lips, aspirate the gastric residuum w hich 
may be examined as described under gastric analysis. The stomach is 
then washed out with water at body temperature until the return is clear. 
The proximal end of the tube is then clamped off ; the further advancement 
of the tube is accomplished by the peristaltic action of the stomach; if the 
tube is forced it tends to coil in the stomach. After the tube has advanced 
to mark III, withdraw trial specimens of the contents. If the tube lies ill 
the duodenum 5 or 10 cc. of a viscid alkaline liquid is obtained; if still in 
the stomach an acid liquid resembling the specimen of gastric residuum is 
aspirated. If the tube is still in the stomach, withdraw it gently back to 
mark II, and again allow it to find its way into the duodenum. As evi- 
dence of the position of the tube the following points may be noted: (1) 
If the end of the tube b in the stomach aspiration will find air or fluid and 
the rubber tube will not collapse. If it b in the duodenum, rapid aspiration 
will collapse the tube; on waiting a few minutes and aspirating slowly, 
fluid enters the syringe. (2) If air is injected through the tube into the 
stomach the patient feels its entrance plainly and. can localize it. When 
the tube lies in the duodenum, the patient does not usually feel it. (3) If a 
stethoscope is held o\ er the epigastrium and air is injected in quick spurts, 
bubbling sounds will be heard over a large area, with maximum intensity 
to the left of the midline, if the tube b in the stomach. If it lies in the 
duodenum the sounds are crepitant, less resonant and maximum in the 
right bypochondrium. (4) If, after drinking a half glass of water, the 
water can be immediately aspirated, the tip of the tube is in the stomach, 
(o) Fluoroscopic localization of the metal tip of the tube b the most 
accurate method. 

2. Stimulation of Secretion.— When the tip of the tube is definitely in the 
duodenum inject a little air to distend the gut lumen, then gently aspirate 
the duodenal contents. To secure relaxation of the duodenum and to 
promote a flow of both pancreatic juice and bile one of the following agents 
b instilled through the tube: ’ r ' 


(a) A saturated solution of magnesium sulfate b diluted with two 
volumes of water. This solution b warmed to body temperature and per- 
mitted to run down the tube by gravity, the barrel of the syringe being 
used as a graduate. liun in three portions of 23 cc. each at ten-minute 
intervals. 


j&asta? 8 50 10 100 ~ ° f a 5 ^ “ nt •« 

-1SS 0 The oil £ to < the°toD^ ft* ° f ^ 

i .. „ nses to the top of the specimens and 

does not dilute the bile. For this reason it is most satisfactory when 
quant.tat.ve chem.cal examination is desired. It may 5S fijr fa 
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microscopic examination particularly to the inexperienced. “B” bile may 
be obtained by the use of olive oil when other procedures have failed. 

(d) Oleic Acid.— 'Mix 5 to 10 cc. of chemically pure oleic acid with 
15 to 30 cc. of warm water. 

After instillation of the stimulating agent, pinch the tube to maintain 
siphon age and attach to a drainage bottle. Suction by a syringe or 1-ounce 
bulb is applied if the fluid does not run out by gravity. The tube should 
have a “glass window” inserted so that the flow of bile may be observed. 
As the bile alters in appearance the collection bottle should be changed. 
When no further bile is obtained or the required specimens have been 
secured, a little air is injected to balloon out the walls of the duodenum and 
to free the tip of the tube. The tube is then gently withdrawn, being 
temporarily arrested at the pylorus and glottis. 

II. Types of Bile from the Duodenum. — 1. The fluid first obtained when 
the tube reaches the duodenum is duodenal juice. It is labeled “D.” 
Generally 10 cc. or less are secured; it is light amber or golden yellow and 
alkaline in reaction. 

2. After the introduction of the magnesium sulfate or other agent, the 
first bile that follows is light golden yellow and probably comes from the 
common, cystic and hepatic bile ducts. It is labeled “A” and varies in 
amount from 5 to 30 cc. 

3. As drainage continues, the bile deepens in color to dark golden yellow, 
yellow brown or olive green and has a viscid, syrupy consistency. It is 
derived from the gall bladder and averages 30 to 60 cc. in amount. The 
terminal portion of this bile is used for bacteriological study. This sample, 
labeled “B,” is also selected for examination for pancreatic ferments as the 
deepest colored bile contains these ferments in highest concentration. The 
sample should be kept cold as steapsin is unstable at room temperature. 

4. On further drainage a lighter, thinner, lemon or straw colored bile is 
obtained. This originates from the liver and may drain for several hours. 
It may amount to from 30 to 200 cc. Label the sample “ C.” 

Examination of the Specimens 

1. Macroscopic Examination.— 1. Opacity.— Normally the fluids are 
clear or only faintly cloudy. Marked opacity in all specimens suggests 

’ ■ . ' '■ tion which the microscopic 

persisting after magnesium 
. DO - : the bile ducts. 

2. Color.— Failure to obtain “B” bile suggests that the gall bladder is 
not storing or concentrating bile. Dark bile may originate from a dilated 

erated. In such cases the 
lal sequence of light to dark 
*» c - 5 •» gall stones. 

3. Blood.— If there is more than a trace an ulcer may exist. Benzidine 
tests for blood arc not reliable as duodenal contents or fresh bile may cive 
positive results. 

II. Microscopic Examination. -The specimens should be examined 
it ' i" 1 te " minutes a,tcr their withdrawal as the ferments rapidly destroy 
cellular elements. The samples are centrifugalizcd and the sediments 
examined. The same precautions that arc observed .in the 'examination of 
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LIVER FUNCTION TESTS 
By Cleon J. Gentzkow and Howard A. Van Auken 
dTRODV CHON 


ana us cnoturcscs, its cjlindcts and desquamations. its pathologic 
albumin and other strange substances as has the urine. But things are os they are, 
and until the specialist, with his littlo tubes, converts our inside into an outside 
most doctors will Imo to he content with perceiving biliary disturbance at one or 
several removes 

' Now, how small a biliary disturbance can the clinician porcciv e* Circumstances 
alter that case v ery much. The liver is the mn*t sil»«t -f «rr»"« it mV n «■" 1 ' e 


Since the quotation above is unfortunately all too true, an indirect 
approach must be made, and so for the measurement of hepatic function 
certain tests have been deviled. These tests evaluate tli*» • 1 > ; 

t..o uuumcf IS miuwu irom cnmcai, laboratory, or other studies, these 
tests may offer considerable help in determining the effectiveness of medical 
treatment, in pre- and postoperative management, and in . 


T . r ^ x \ hc multiplicity of' liver 

functions, not all of winch may be injured equally under any given set of 
conditions, and the great reserve and reparative powers of the organ are 
the reasons why this is true. ^ ' 

iths of the 


col. A».e anuaiiuii nere is not strictly comparable w-Vth uppar- 

conditions. In the latter case, all of the cells may be injured 
dysfunction of one or more kinds result, yet the cells mav 6 t y ? n< ^ 

histological examination. For tins reason and a “so ES l °" 
sensitivity of some of the newer tests, the oft heardsE,!, ,? 
function tests are positive only m the late stages of dis^a * * at *' er 
sarily true. However, it must he i .• is not neces- 

>ts are 

■ . ' . .... ■ . results 
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the galactose tolerance is frequently depressed in acute hepatitis but is 
usually normal in obstructive jaundice, at least in the early stages. Char- 
acteristic changes may be noted in the cholesterol partition and phospha- 
tase values in these two conditions. Differentiation between the different 
types of chronic jaundice cannot be made by means of hepatic function 
tests alone. 

TYPES OF TESTS 


All Hver function tests fall naturally into two general divisions: 

Those dependent upon the excretion of bile, such as 

I. Van den Bergh reaction. 

II. Icterus index. 

III. Azorubin S test. 

IV. Bromsulphalein tests. 

V. Bilirubin excretion. 

VI. Serum phosphatase determination. 

VII, Cholesterol and cholesterol esters determinations. 

VIII. Examination of duodenal fluid. 

IX. Cholecystography. 

Those not dependent upon the excretion of bile, but 

I. Dependent upon the deaminating function, such as the deter- 
mination of aminoacids, urea, and ammonia in the blood, and 
Millon’s test for tyrosinuria. 

II. Dependent upon the detoxicating function— hippuric acid tests. 

III. Dependent upon glycogenic function— galactose, levulose and 
glucose tolerance tests. 

IV. Dependent upon prothrombin formation— prothrombin time, 

Y. Dependent upon production of serum proteins— albumin-globu- 
lin ratio ; blood fibrinogen determinations. 

Not all of these tests are practical; some of them yield only limited 
information or become positive only in the late stages of hepatic disease* 
still others may be influenced too greatly by other conditions which may be 
present concurrently with liver disorders. For these reasons the tests in 
common use are comparatively limited in number. 

In evaluating hepatic function it is necessary to employ a number of 
tests in order to reach conclusions as to the state of the organ and to avoid 
missing some cases which may show decrease in some activities but not in 
others. The concurrent use of the quantitative van den Bergh reaction the 
bromsulphalein, hippuric acid and cephalin-cholestcrol flocculation tests 
lias been found to be most practical and to give the most satisfactory infor 
mation except in the differential diagnosis of acute jaundice. In tins latter 
instance, the concurrent repetitious use of the galactose tolerance test and 
the determination of the cholesterol partition, the bilirubin content’ and 
the phosphatase lei cl of the blood are most helpful. Rcnctitinn 
tests three times in the first week of observation will usually U Wessa^ 

TESTS OF LIVER FUNCTION CONCERNED WITH BILE EXCRETION 
An understanding of these tests requires a knowledge nf tb n „i„. • i 
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endothelial system of the spleen, liver ami bone-marrow, the hemoglobin 
being split into bilirubin and a colorless iron residue. Both of these sub- 
stances arc excreted into the blood stream, but the fate of the iron contain- 
ing residue is unknown. The bilirubin in the blood normally lies between 

0 2 and 0.25 mg. per 100 cc. The polygonal cells of the liver remove a part 
of the bilirubin from the blood and excrete it through the bile ducts into 
the duodenum. From the intestines the excreted bilirubin may be reab- 
sorbed, but most of it is reduced by the action of the intestinal bacteria to a 
colorless compound, urobilinogen, winch in turn is oxidized to urobilin 
(stercobilin). This passes out in the feces; some of it is reabsorbed into the 

1 ' ' ' ' * * ' " ’ " 1 ’ ‘ the 

I In 


It was formerly believed that in its passage through the liver cells a 
physical change occurred in bilirubin and that this change was reflected in 
the type of van den Bergh reaction resulting. As formed by the reticulo- 
endothelial cells, bilirubin was supposed to be a colloid, which in turn was 
converted into a crystalloid in its passage through the polygonal cells of 
the liver. 

The prompt direct van den Bergh reaction was believed to be due to the 
crystalloid form and the delayed direct reaction to bilirubin undergoing 
transition from the colloid to the crystalloid state, the length of the delay 
indicating the degree of change which had occurred. 

Later work, however, seemed to indicate that the variation in reaction 
was related only to the actual amount of bilirubin present in the blood. 
Another theory devised to account for the difference in reaction postulated 
the presence of catalytic or inhibiting substances which caused varying 
percentages of the total bilirubin present to react with the diazo reagent. 

More recently the development by Evelyn and Malloy 1 of an accurate 
quantitative method for the determination of bilirubin in the blood, using 
the photoelectric colorimeter, has resulted in studies disproving the older 


’ that all bilirubin in 

. . , , , „ . . gives a prompt direct 

action is attached to plasma albumin as a dissociable complex, while that 
which does not give the direct reaction is attached to a definite fraction of 
the albumin, probably by a valence bond. 


van aen bergh reaction; (2) an estimation of the degree of the jaundice’ bv 
comparing the intensity of color of normal and icteric sera. This is the 
icterus index. — 


dL£bL*“? Elton 1930).— 1. Regents.- (a) Ehrlich’, 

2 'mSZ W * I f* Unde r thc ' an d “ Bergh reaction, page 09. 
2 - , M , e<hoa -r Piac , e 1 cc : o! seru “ “ a Wassermann or Kahn tube Slant 
the tube and overlay with 0.5 cc. of the diazo reagent. Ermine Se 
contact zone of the two fluids for the development of a red Sr If no 
color appears tnthtn sixty seconds, gently shake the tube, lowering the 
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contact zone, butallowinga small amount of serum to remain undisturbed as 
a control. After mixing, observe for at least ten minutes for development 
of a red, amber or port wine color. The tube is best observed by natural 
daylight, preferably against a glazed window. 


Table 4.— Intebuelationship of Hemoglobin and Dbiuvatives 


Reticulo-endothelial system 


oxidation oxidation 

liliverdm 1 Biliprasin * 7 


Putrefactive bacteria m intestines 


Hemoglobin 

I 

hydrolysis 

| HC1 

Ilematin — » 3 

1 

hydrolysis 

I l 

Bilirubin <isomers> Hcmatoporpbynn 
(Heznatoidin) 

reduction 

i 

Urobilinogen 

I . 

oxidation 

I 

Urobilin (Stercobilin) 


Iron containing 


II. Van den Bergh Indirect or Quantitative Reaction (Tannhauser and 
Andersen, 1921).— Practically all clinicians and clinical pathologists now 
regard the direct or qualitative van den Bergh reaction as valueless. At- 
tempts at correlating the different resultant reactions with the various 
types of jaundice and disease conditions producing icterus have failed. 

At the present time most workers prefer the actual determination of the 
bilirubin in serum or plasma. An accurate method, that of Evelyn and 
Malloy, is available but requires the use of a photoelectric colorimeter or 
spectrophotometer. This method is given on page 214. 

No accurate method using the visual colorimeter has been found to date. 
The indirect van den Bergh remains as the best method of estimation by 
visual colorimetric means, but it should be remembered that it is only 
approximate, an estimation not a determination. In the original van den 
Bergh method, the alcohol was added before the diazo reagent, resulting in 
some loss of pigment due to the precipitated albumin carrying it down. 
Tannhauser and Andersen avoided this by adding the diazo reagent first 
tli us permitting the coupling of diazo and bilirubin. The azobilirubin 
formed is more soluble in, and more completely extracted by the alcohol. 

1. Reagents.— (a) Solution A.— Dissolve 1 gra. of sulfanilic acid in 15 cc. 
of concentrated hydrochloric acid. Dilute to 1000 cc. with distilled water! 
This solution should be prepared freshly every’ two weeks. 

(5) Solution It .— Dissolve 0.5 gm. of sodium nitrite in 100 cc. of distilled 
water. It should be freshly prepared every two weeks. 

(c) Solution A-B or Diazo Reagent (Ehrlich’s Rcagcnt).-This solution 
is made immediately prior to performing the test, by mixing 10 cc of 
solution A with 0.3 cc. of solution B. b 

00 Sthyl Alcohol, 93 per cent. 

0?) Ammonium Sulfate, Saturated Solution. 

(f) Sbmdards. 


(1) Cobalt Sulfate (McKee and Keefer, lOMl.-Disso). „ a , 

anhydrous cobalton* sulfate winch has been dried to constant weight at 
10a C„ m distilled water and dilute to 100 ec. If crystalline coBt^l 
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sulfate (CoSCVTIIjO) is used, dissolve 3.92 gin. in 100 cc. of water. This 
standard is equivalent to one van den Bcrgh unit. It is permanent if kept 
protected from light. The addition of 0.5 cc. of concentrated sulfunc acid 
per 100 cc adds to the permanency of color. 

(2) Cobalt Sulfate Standaitl (White, 1932).— White changed tlie 
standard of McN'ec and Keefer that it would bo equivalent to Q.lwg. of 
bilirubin per ltH> cc. of serum. This is nearer the true value of the van den 
Bcrgh unit, the previous figure being 20 per cent too high. ^ 

Dissolve 1 3 gin. of anhjdrous cobaltous sulfate in 50 cc. of water. 
Add gradually 10 cc. of concentrated IICI. Shake, keeping the solution 
cool under running water. Dilute to 100 cc. Allow to stand twenty-four 
hours prior to use. It will keep for months in a well-stoppered bottle in 
the dark. 

2. Procedure.— 1‘ipct 1 cc. of freali unhcinoljzctl scrum into a 15-cc. 
graduated centrifuge tube. Add 0.5 cc. of diazo reagent. After two 
minutes add 2 3 ec. of 93 j»er cent ethj 1 alcohol ami 1 cc. of saturated 
ammonium sulfate. Mix thoroughly by inverting several times. Cciitri- 
fugalizc at moderate speed for five minutes. A sharp division into tliree 
• ’ : * * ammonium sulfate solu- 
' d proteins, the top layer 

w.s. — a i . ‘ which is clear or slightly 

cloudy and colored pink to deep violet. Measure tlie volume of this colored 
layer by tlie graduations on the tube; it is usually 2.5 to 3 cc. Fipct this 
layer into a colorimeter cup and compare with the standard. If the colored 
layer is cloudy, heat in warm water. If tlie color of this alcoholic extract is 
too deep to match the standard, accurately dilute it with GO per cent 
alcohol in proportions of 1 to 2 to 1 to 10 as required. Occasionally a 
yellow or orange color in tlie alcoholic layer makes it difficult to compare 
against tlie standard. A few drops of oxalic acid usually changes the color 
back to pink but may give turbidity. Turbidity may be removed by 
1 'Itional cc. of alcohol. If the latter 
• ' 2 alcoholic layer in the calculation. 

. ' the color of tlie standard may be 

_ the standard is diluted accurately 

with water. 

3. Calculation.— This method is an estimation of bilirubin. There is no 
agreement as to tlie dilution factor. Tannhauscr and Andersen considered 
the dilution to be 1 to G, whereas actually it is 1 to 3 by their method as 
all the bilirubin extracted is in the alcohol layer which normally U about 
3 cc., although it varies with each test. For greater accuracy use the 
volume in cc. of the alcoholic layer as the dilution factor. 


Reading of standard 
Reading of unknown ^ 


\olurae in cc. of .. 
alcoholic la j or * 


dilution if any with_ number of ra a den Berth 
60 per cent alcohol units 


Number of units X 0.5 (value in mg. of one unit using the UcXee and 
Keefer Standard) = mg. of bilirubin per 100 cc. serum. If the White 
standard is used, the units X 0.4 = mg. bilirubin per 100 cc. of serum. 

If the standard is diluted in order to obtain a more accurate match with 
the farnt colors of the low normals, the results obtained in the above 
equations must be divided by the dilution of the standard 
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4. Results.— (a) Normal — The alcohol layer has a faint pink color. 
Values of 0.2 to 0.25 mg. of bilirubin per 100 cc. of serum are found. Bili- 
rubin is increased during prolonged fasts', it decreases following ingestion 
of food, being lowest two to six hours after a meal. 

(6) Abnormal.— Infants show a physiological hyperbilirubinemia due to 
the high rate of red blood cell destruction in the first few weeks of life. In 
the majority of individuals values over 0.5 mg. per 100 cc. are considered 
abnormally high. Up to 1 mg. per 100 cc. is considered the zone of "latent 
jaundice.” Highest values are present in obstructive jaundice. 

III. Icterus Index.— This test is based on the comparison of the intensity 
of the yellow color of the serum, against an arbitrary standard potassium 
dichromate solution. 

1. Reagents.— (a) Standard Potassium Dichromate Solution .— In a liter 
volumetric flask place 0.1 gm. of potassium dichromate. Dissolve in about 
500 cc. of distilled water. Add 2 drops of concentrated sulfuric acid and 
fiU to the mark with distilled water. This 1 to 10,000 solution represents 
an arbitrary index of 1. It is paler than normal serum. It keeps six 
months in the dark. 

(6) Sodium Chloride Solution.— Dissolve 0.9 gm. of sodium ehloride in 
50 cc. of distilled water in a 100 cc. volumetric flask. Dilute to the mark 
with distilled water. 

2. Procedure (Meulengraeht-Bernheim Method).— Withdraw 5 tolOcc. 
of blood from an arm vein, using a dry needle, syringe and centrifuge tube 
to prevent hemolysis. 

Depending on the intensity of its color, the scrum is accurately diluted 
with the sodium chloride solution, so as to approximate the color of the 
standard, thus permitting better matching. 

Place the standard potassium dichromate solution in the left hand cup 
of the colorimeter, which is set at 15 mm. Place the serum in the right 
cup, and make the comparison. 

3. Calculation.— 


Sta ndard re ading (15) ..dilution of serum _ . 


Unknown reading 


if any 


= icterus index. 


The figure obtained indicates that the color of the serum is that many 
times the intensity of the color of the arbitrary standard. 

4. Method Using Block Comparator.— Where a colorimeter is not available 
a rough but fairly accurate estimation can be made by comparing the 
color of the serum against a standard set of tubes, containing dilutions of a 
stock potassium dichromate solution (1 to 100) corresponding to varying 
icterus indices. As one of the chief values of the determination is the 
detection of latent jaundice, two scries of standard tubes should be avail 
able, one set including the indices between 1 and 20, the other betw^n 
20 and 100. Due to the intensity of the yellow color in the higher stand 
ards, color comparison is difficult with the error increasing as the satiinKm, 
point is approached. 1 1 

The standards arc prepared as shown in Table o. They are 
clear serological test tubes, 100 X 10 mm. and sealed. A similar tube In 
"taming the serum is compared against the standard set. If th» 5 
he scram is too intense, dilute with 0.9 per cent sodium chloride solution 
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in a definite ratio, 1 to 2 to 1 to 5. This will bring the color of the serum in 
the more readable range (1 to 20) o( the standard tubes. The index of the 
standard tube matched by tile color of the serum, multiplied by the dilution 
of the serum, equals the icterus index. 


Tube 

1 

2 

3 

4 

5 . 

6 


9 . 
10 
11 . 
12 . 

13 . 

14 

15 

16 . 

17 . 

18 . 

19 . 

20 . 


Table 5. — Preparation op Standard Testa 
Ce. of d it tilled water 
Cc. of die hr ornate cociUiovoe 2 dtops of 

stock solution, concentrated liiSOt 

1 to 100 to I0Q cc. 


..5 0 5.0 

..45 55 

. 4 0 6 0 

..35 65 

..30 70 

.. 2 5 7 5 

..20 80 

. . 1.6 84 

. . 1.4 86 

..12 88 

..10 90 

..0 9 9 1 

..08 92 

..0 7 9 3 

.. 0 6 9 4 

.. 0 5 9 5 

..04 96 

..03 97 

..02 98 

..01 99 


Iclerui index 
50 
45 
40 


35 

30 


20 

16 

14 

12 

10 


7 

6 

5 

4 

3 

2 


5. Interpretation of Results.— (a) Normal Zone.— It lies between 4 and 7, 
corresponding to less than 1 van den Bergh unit. 

(b) Subnonnal Zone— It lie. between 2 and 4. It is usually associated 
with a secondary anemia of the hypochromic microcytic type, found in 
hemorrhage and malignancy, when not accompanied by passive congestion 
or obstruction of bile excretory passages. In contrast, the primary anemias 
of pernicious type, during their active phase, have an index of 7 to 20. 

(c) Latent Jaundice Zone .— It lies between 7 and 18, corresponding to 
1 to 4 \ an den Bergh units. It indicates a hyperbilirubinemia, without 
clinical evidence of jaundice in the tissues or the urine. An increased 
icterus index occurs when there is obstruction to the bile ducts, or hepatic 
insufficiency, or an excessive bilirubin production that accompanies in- 
creased red blood cell destruction. This last occurs in the various diseases 
associated with a hemolytic jaundice. In the milder toxic and infectious 


types of hepatitis, such as accompany lobar pneumonia, septicemia, chronic 
cardiac failure, passive congestion of the liver, mild arsenical poisoning, 
cholecystitis and cholelithiasis, the icterus index usually lies in this zone. 
An increased icterus index is a warning to stop arsenical treatment in 
syphilis. 

(d) Frank Jaundice Zone . — It lies over 18, corresponding to 4 or more 
van den Bergh units, and may reach 150. Jaundice is obvious in the 
body tissues and fluids, including the urine. Such values are found most 
often in the later stages of chronic obstruction to the bile passages, in 
severe cholangitis, in severe generalized hepatitis such as acute yellow 
atrophy, and in severe poisoning caused by arsenicals, chloroform, carbon 
tetrachloride, and phosphorus. The icterus index drops rapidly in the first 
twenty-four hours after a successful operation for the removal of the cause 
of the obstruction. 
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IV. Bromsulphalein Tests. — The value of dye elimination tests in esti- 
mating renal function prompted the search for similar tests for the estima- 
tion of liver efficiency. Such a dye was discovered in phenoltetrabromph- 
thalein sodium sulfonate. The test as originally proposed involved the 
intravenous injection of 2 mg. of the dye per kilogram of body weight and 
estimation of the quantity of dye retained at the end of thirty minutes. 
Recently the use of 5 mg. of dye per kilogram has been suggested as detect- 
ing liver damage earlier than the older test. Normal standards have been 
corrected so that the tests are much more sensitive. Serial determinations 
of dye retention have been suggested though these do not appear to offer 
any great advantage and are technically more difficult. 

1. Dye Preparation and Dosage.— The dye is put up in a 5 per cent solu- 
tion; each cc. contains 50 mg. The usual d . . . 

body weight. The weight of the patient in ’ . ■ 

the number of cc. of the 5 per cent solution ■ . . ' ' ' ‘ 

2 mg. per kilogram dosage is to be administered divide the weight of the 
patient by 55. No preparation of the patient is required, but to avoid 
postprandial clouding of the serum, which would interfere with accurate 
colorimetric comparison, overnight fasting is preferable. 

2. Procedure.— (a) Administration of Dye .— Take a 5 cc. blood sample as 
a control. The icterus index and van den Bergh determinations may also 
he made on this specimen. Have ready a graduated glass syringe contain- 
ing the proper amount of the dye; inject the dye solution through the 
needle already in place, taking one minute for the injection. Inject a few 
cc. of physiological saline to flush out the remaining dye. Avoid extra- 
vascular leakage; if such occurs, it is better to stop further injection at 
that site. Note the exact time at which the injection is completed. 

(6) Exactly five minutes after completing the injection withdraw the 
second 5 cc. blood specimen from a vein in the opposite arm. 

The third blood specimen is taken forty-five minutes after the injection 
if the 5 mg. per kg. dosage was used; at twenty minutes if the 2 mg. dose 
was given. These times arc shorter than originally proposed but it has 
been shown that the normal liver eliminates all of the dye in this time. 
Some workers omit the fi\ e-minute specimen, taking blood thirty and 
. '■ ■ ■ . lowed to 

• ■ • ■ ■ ■ ' ’ eted into 


‘ ; " : ■ . 1 • ' ■ ' :*«.»<< 10 mm.). 

'■ * '' ' — -J clear it. 

lo the other sera add 2 drops of 10 per cent sodium hydroxide. If dye is 
present a red-violet color develops in the alkalinized sera, the intensity 
indicating the concentration of the dy c present. 

3. Standard.— A stock standard representing 100 per cent concentration 
is made by disaolx ing 10 mg. of dye for the 5 mg. dose or 4 mg. for the 2 mg. 
du-e in 100 cc. of distilled water, alkalinized by the addition of 0.25 cc. of 
10 I >cr cent sodium hydroxide. From this stock standard a scries of lesser 
standards nru ‘ rw,lc * varying from 5 to 90 per cent. As the majority of 
tlie \ alues ordinarily encountered fall below 50 per cent, the standards 
tx tween a and 50 are made up at 5 jk x cent intervals; the standards over 
, 10 If ccnt intcn '* lU - In diking tlie dilutions, use water 

adcll l>f ° IKr CX ‘ ,,t so<imm hydroxide per 100 cc. has been 
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driven off. After cooling, the preparation is ready for use. The emulsion 
should be prepared just before use in order to obtain comparable results. 

2. Procedure.— Place 0.2 cc. of the serum in a centrifuge tube, add 4 cc. 
of normal saline and 1 cc. of the cephalin-cholesterol emulsion. Shake 
thoroughly, stopper with cotton and set aside at room temperature. The 
undisturbed tube is observed at twenty-four and forty-eight hours for 
flocculation. 

Precautions —The serum used should be fresh or presen ed in the 
refrigerator. Plasma is not very satisfactory’ as the anticoagulants used 
seem to interfere. Clean glassware must be used as heavy metals or strong 
acids ma> cause precipitation. 

3 Results and Interpretations.— A negative test is one in which no floc- 
< ulation occurs. A -f-f-f-f reaction is one in which there is complete 
flocculation. Varying degrees of precipitation are recorded as +, ++, or 
-<- + + A negative reaction should not be recorded with less than twenty- 
four hours observation. 

The test is almost never positive in normals; occasionally a single plus 
reaction is obtained. It 13 also negative in cases of obstructive jaundice 
.is a rule. In those cases in which precipitation does occur the reaction is 
usually slight, generally in cases of long standing in which some damage to 
the liver parenchyma has probably occurred. The teat may fail in arsphen- 
amine hepatitis. 

The emulsion is flocculated in those cases showing active disturbances 
of the liver parenchyma, the degree of flocculation roughly paralleling the 
severity of the process. The test has considerable prognostic value; a 
decreasing flocculation indicating recovery, a persistently complete pre- 
cipitation being of grave import. Single or circumscribed lesions in the 
liver usually give negative results as does hemolytic jaundice. On the 
other hand, the jaundice accompanying acute or chronic infections such as 
pneumonia or septicemia are characterized by positi\ e tests. 

V. Miscellaneous.— I, protein Determinations.— Inasmuch as at least a 
large portion, if not all, of the scrum albumin and globulin are produced in 
the liver, measurement of these substances may be indicative of liver dam- 
age particularly if other causes for change can be ruled out Reduction in 
both fractions may be expected with frequent inversion of the albumin- 
globulin ratio. The degree of variation from normal roughlv parallels the 
degree of hepatic impairment. For methods of determining the proteins of 
the blood, see Chapter XVI. 

2. Erythrocyte Size. -The size of the erythrocytes in hepatic disease mav 
be altered since the liver elaborates a substance which is concerned with 
normal red blood cell production. In damage to the parenchyma of the 
liver, there may be an average macrocytosis of 8.8 microns or more 



CHAPTER VI 
THE FECES 


By Cleon J. Gentzkow and Howard A. Van Auken 

Normally the feces consist of an innumerable variety of substances— 
water, undigested and unabsorbed food residues, intestinal secretions 
which have not been destroyed nor re-absorbed, bile, salts of calcium, iron 
and other metals, bacteria and their decomposition products, epithelial 
cells from the intestinal wall, pigments and mucus. 

Abnormally, one may find increased amounts of any of the normal con- 
stituents, gall stones, pancreatic calculi, enteroliths, blood, pus, serum, 
parasites and their ova, and pathogenic bacteria. 

Much information of importance can be gained by careful inspection of 
the fresh whole stool plus a few simple tests. AH too frequently the only 
examination made consists of a search for parasites or their ova. On the 
other hand, routine complete examination of the feces is neither feasible 
nor desirable. When indicated, many special procedures are available. 

The stool should be collected in a clean container. Examination should 
be made as promptly as possible and in any case, should not be delayed 
more than a few hours because of the changes due to decomposition. The 
odor may be partially controlled by adding a little 5 per cent pbenol or 
formaldehyde. These substances cannot be used when a search for para- 
sites or bacteria is to be made. In sending feces to the laboratory the jar 
should not be filled more than one-tenth to one-fourth; this will allow for 
the expansion of gases. Sterile containers must be used in collecting speci- 
mens for bacteriological examination. 


MACROSCOPIC EXAMINATION 

I. Consistency and Form.— The stool is normally soft but formed. In 
constipation one usually finds dry, hard masses (scybala). After cathartics 
and in diarrheas and dysenteries, the consistency way be mushy , liquid 
nr watery, depending on the severity of the purgation. Flattened or ribbon- 
like stools may be found in spastic colitis, obstruction or stricture of the 
rectum or anus. 

II. Quantity. —The average amount varies greatly but usually is about 
U)0 to 171) gm. daily. The dry weight averages 2 1 to 15 gm. On a vegetable 
diet the quantity is greatly increased. 

III. Odor. -The normal offensive odor is due chiefly to iudol and skatol. 
The diet taken greatly affects the odor, which is most marked on a meat 
diet, less so on a vegetable and alight on n milk diet. A sour odor due to 
fatty acids is normal in infants. Putrid odors may be noted in childhood 
diarrheas. A very foul stench in adults suggest/ malignant or syphilitic 
ulceration of the rectum or gangrenous dysentery. 

IV. Color. — Ditt and drugs have a marked influence upon the color of 
the frees and must W considered in evaluating die pathological significance 
of abnormal udors. The normal brown color U due chiefly to the bile nip. 
mrnt hjilmbiunnnn (urobilin), a miuctiun product of bilirubin. * * 

( 79 ) 
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Color 

Yellow 

Green 

Gray (clay color) 

Dark red-brown — choco- 
late color 
Red 

Black 

Colorless or watery with 
flakes of epithelium 


Table 6 —The Colob of Feces 


Diet and drug* 

Milk, cornmeal, rhubarb; 

senna, santonin 
Spinach and other green 
lege tables, calomel 


Coffee, chocolate, cocoa, 
blackberries, cherries 
Beets, tomatoes, apple 
sktas, etc 

Charcoal, bismuth, iron 


Pathological 
Unchanged bilirubin 

Bilncrdin, or rarely due to green- 
prod u«ng bacteria 
Absence or deficiency of bile, 
presence of excess of fats 


Blood from rectum, anus or colon 

Altered blood from upper gastro- 
intestinal tract, "tarry stool" 
Absence of bile pigments due to 
rapid passage of great quanti- 
ties of fluids as in Asiatic 
cholera 


V. Mucus.— Mucus in visible quantities is always abnormal and indi- 
cates intestinal irritation. When accompanied by pus it indicates inflamma- 
tion or ulceration of the bowel. A variable amount of blood is usually 
associated with mucus. Intestinal mucus is most abundant in the dysen- 
teries (amebic and bacillary), and in such conditions as mucous colitis, 
chronic ulcerative colitis and cancer of the large bow el. 

VI. Helminths.— The larger helminths are detected by simple inspection 
or by washing the stool through a coarse sieve with tap water. Artifacts 
such as banana fibers, shreds of undigested vegetables, fruit skins, ribbons 
of mucus, etc., must not be mistaken for animal parasites. The Iarvm of 
flies are occasionally found in the feces during the summer months as 
accidental contaminants. 

VII. Concretions.— True gall stones are sometimes found if a search is 
made of the washed and strained stool. They usually show faceted sur- 
faces and can be identified by crushing and testing them for bile pigments 
and cholesterol. Pseudo gall stones may be found after ingestion of large 
quantities of olive oil. They consist of fats and soaps. 


MICROSCOPIC EXAMINATION 

Viewed through the microscope the feces present an almost infinite 
variety of structures, representing end products of digestion. Care must 
be exercised not to mistake such objects as vegetable hairs and fibers, the 
husks of cereal grains, starch granules, the spores of ingested fungi, muscle 
and fibrous tissue, and other food remnants for parasites, ova or cysts. 

For the special technic used in the identification of animal parasites, the 
reader is referred to the chapters on Protozoology and Helminthology. 
Methods for bacteriological examination are given in Part IV. 

I. Technic.— 1. Fresh Whole Stool.— Make a uniform emulsion of feces 
in W’ater. Transfer a drop of the mixture to a glass slide and cover with a 
cover glass. The emulsion should be thin enough to render ordinary' print 
legible when viewed through the preparation. Most of the routine examina- 
tion can be made with such fresh preparations. Make a quick survey of 
the entire smear, using the low power of the microscope. Look for small 
helminths, motile protozoa, ova, cysts, muscle fibers, fat globules, crystals, 
pus and epithelial cells. The high dry power can then be used for the 
identification and study of selected objects. If the preparation is found 
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to be too thick and opaque it can be thinned by applying a piece of blotting 
or filter paper to the edge of the cover slip and absorbing excess fluid. 

Some information as to the degree of digestion of fats, proteins and 
starches can be gained by microscopic examination of the feces after treat- 
ment with the following ‘solutions: 

(а) Sudan III .— Globules of neutral (undigested) fats and masses of 
fatty acids stain red. 

(б) Acetic Acid, 30 per cent.— This brings out in sharp detail the struc- 
ture of muscle and fibrous tissue. Muscle fibers show a progressive loss of 
cross striation and a rounding of the ends as digestion proceeds. 

(c) Lugol's Solution .— Iodine will stain undigested starch granules blue; 
partially digested starch takes a reddish color with this solution. 

2. Examination for Exudate (Callender).— (a) Fresh Specimen . —Examine 
a fresh loopful of material taken from bits of . mucus, shreds or the blood- 
streaked portion of the feces. If none of these arc visible macroscopically, 
collect exudate by stirring the liquid or emulsified stool vigorously with a 
wooden applicator. Exudate will cling to the applicator. 

(h) Stained Preparations .— Mix thoroughly material obtained as above 
with equal parts of Locfller’s alkaline methylene blue, or with brilliant 
cresvl blue. Place a cover glass over the preparation and study under 
both low power and high dry lenses. Old leucocytes and macrophages stain 
quickly; young leucocytes stain slowly and show a peripheral deep-staining 
ring at the nuclear membrane. Red blood cells stain only after some 
minutes. Trophozoites of E. histolytica do not stain at first but after some 
minutes do pick up the dye. Cysts are more resistant. Bacteria stain 
promptly. Since E. histolytica loses its motility quickly, search should be 
made for trophozoites in the fresh, unstained preparations. 

(c) Permanent Pre iterations.— To determine the species of anicba* and 
whenever a permanent preparation is desired for other purposes, fix the 
specimen in sublimate-alcohol according to standard histologic technic. 
Stain hi Harris’ hcinatox>lin ami cosin to study cytology and by one of 
the irtm-hcmatox\lin methods to differentiate protozoa. 

The technic outlined in («) and (6) aIkivc is of great value in diiferenti- 
at’mg > casts, which unstained, simulate leucocytes, and in making sure 
whether ur not infection is present as determined by the presence and 
character of the exudate. 


CHEMICAL EXAMINATION 

I. Determination of Reaction.— The reaction of the feces h usually 
alkaline when freshly passed, but it may l»c slightly acid particularly on a 
iaiU>h\dr.»tc diet. Intestinal indigestion may alter the reaction. After 
thoroughly mixing the sample of frees, the reaction may !*• determined 
with a good grade of litmus ju;>cr. 

II. Blood. -Thr prrn me of blood in the stool may U- evident on nmcro- 
*«op»c examination; the M«-d may l>c bright red, dark red or black and 
tarry when blood U present in gross amounts. When present in traces onlv 
chemical test* arc ncervary U» detect the occult bh-1. I rt t^tin * the 


• • ■’•"V “ v in testing uve 

ft... lot «.«» An, ..uni, : (.1—1. ciutp .a »m,l U c.crti-td in 
rrtt * t ,!|C I» u«.i (»> •'ti'i mi » mr-st-fn* diet f„ r t« u or Jav “ 
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A 

few 

o\cr it. The intensity of blue color and the speed with which it develops 
are a rough measure of the amount of blood present. 

B. Guaiac Test.— 1. Reagents.— Gum guaiac, dher, glacial acetic acid 
and hydrogen peroxide. 

2. Procedure. — Boil a thin watery suspension of feces for a few minutes 
in a test tube. Extract the fat by shaking with an equal volume of ether. 
Allow the ether to separate and discard it. To the remainder, add one- 
third \ olume of glacial acetic acid and mix. Extract the acidified suspension 
again with one volume of ether. Allow to separate and to the ether extract 
add a few granules of gum guaiac. Mix well and add a few cc. of hydrogen 
peroxide. 

3. Result.— A violet or bfue color develops if blood is present. 

C. Phenolphthalin Test (Gettler and Kaye 1 ).— The authors have rein- 
troduced this test and have determined that its specificity is greater than 
that of the guaiac or benzidine tests and that its sensitivity is at least as 
great if not more so. 

1. Reagents.— (o) Phenolphthalin Reagent .— Dissolve 20 gm. of sodium 
hydroxide and 1 gm. of phenolphthalein in 200 cc. of water in a 500-ce. 
Erlenmeyer flask. Add 20 gm. of granulated zinc, 20- to 30-raesh, connect 
with a reflux condenser and slowly boil until the red color of the alkaline 
phenolphthalein disappears leaving a colorless or faintly yellow solution. 
This may require two to three hours. Store in a brown glass, rubber- 
stoppered bottle in a cool, dark place. The reagent will keep for many 
months. If some of the granulated zinc is left in the solution it aids in 
keeping it in the reduced form. 

(6) Hydrogen Peroxide, 3 per cent. 

2. Procedure.— Boil 1 or 2 cc. of urine, gastric contents or thin fecal 
suspension for thirty seconds to destroy any oxidases present. Cool, then 
add 5 drops of phenolphthalin reagent followed by 3 drops of hydrogen 
peroxide. 

3. Result.— A pink to red color indicates the presence of blood, the 
intensity of color being an indication of the amount. The color may fade 
after three minutes. 

III. Bile.— The brown color of the feces is due to the presence of urobilin, 
a derivative of bilirubin, which in turn is derived from hemoglobin. Neither 
bilirubin nor hemoglobin normally appear in the feces. Estimation of 
urobilin is often helpful in distinguishing the anemias due to excessive 
hemolysis from other forms and in following the progress of pernicious 
anemia. The amount of urobilin in the feces is, however, subject to con- 
siderable variation due to constipation and other factors. It is absent in 
obstruction of the bile ducts. Its return indicates clearing of the obstruction. 

Examination for bile, is usually limited to tests for the pigments, the 
majority of the tests being based upon the oxidation of the pigments with 
the formation of a series of colored derivatives. 

A. Schmidt’s Test for Urobilin.-l. Re agents . -Mercuric Chloride, satu- 
rated aqueous solution. 


* Gettler. A. O., and Kaje. Sidney. Am. J Clin. Path , Tech. Sect. 7, 77, IS43. 
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2. Procedure.— In a white porcelain dish, rub up a small portion of 
feces in the mercuric chloride solution and allow this to stand for six to 
twenty-four hours. 

,3. Results.— The presence of urobilin is indicated by a deep red color 
which is imparted to the particles containing this pigment. If unaltered 
bilirubin is present in any portion of the stool that portion will be green 
in color due to the oxidation of bilirubin to biliverdin. 

H, Gmelin’s Test for Bilirubin.— This consists in bringing slightly yellow 
nitric acid into contact with a watery extract of feces. A play of colors, 
green and violet being most prominent, indicates the presence of bilirubin. 
Colorless nitric acid will become yellow upon standing in the sunlight. 
The test may be applied in various ways; by overlaying the acid with a 
suspension of the feces to bring out a colored ring; by bringing a drop of 
each together on a porcelain plate, or by filtering the fecal suspension 
through thick filter paper and touching the wet paper with a drop of the 
acid. 

C. Quantitative Determination (Watson).— 1. Reagents.— (a) Ferrous 
Sulfate Solution, 20 gin. of ferrous sulfate dissolved in 92 cc. of distilled 


water. 

(6) Sodium Hydroxide, 10 per cent solution. 

(c) Modified Ehrlich’s Reagent. Dissolve 0.7 gin. of paradimcthylatnino- 
benzaldchyde in 150 cc. of concentrated IIC1 and add 100 ec. of distilled 
water. 

(</) Sodium Acetate, saturated aqueous solution. 

(c) Glacial Acetic Acid. 

(f) Petroleum Ether ( Petroleum Benzine). 

2. Procedure.— Thoroughly grind a 10-gin. portion of a well mixed 4-day 
collection of feces in a mortar with a few ce. of distilled water and dilute 
to .300 ec. or only to 100 ec. in obviously acholic feces. Add 100 ce. of the 
ferrous sulfate solution and then 100 cc. of the sodium hydroxide with 
constant stirring. Cork the Husk and allow to stand one hour. To 2 or 3 ce. 
of the filtrate add nil equal amount of the Ehrlich’s reagent and then several 
cc. of the sodium acetate. Depending upon the intensity of the color devel- 
op'd, fr«»n 1 to 50 cc. of the filtrate arc used in the quanritati\c procedure. 
Tlmi if the 'Color is intense 1 ce. or c\cn less will suffice; if pale red from 
to 10 rc.; if faint 2a cc.; if uh-ent 50 ec. It is dr-irahlc that the q aantitv 
of filtrate clmscu should l>e only enough so that the final colored solution 
does not euwMUl cc. and that its color is not more* than half the intensity 
of the standard. 


I’l.ure the quantity of filtrate in a x- juratory funnel, dilute to 20 cc. 
with water if hi than this amount of filtrate was used, «i\cr with 30 cc. 
of purified jHindmm rther, strongly acidify with glacial acetic acid and 
-halve \igvruudy. &|Mratc and extract twice more with |Kln>icuui ether * 
Combine the itlir r, wadi with water, and shake vigorous I v with 1 or “ ec 
'•! * J irikfc At lean l»ire as muili Uic ><„]iuin aixtate m,Iu- 

tl.c mavumun ntn tm a W wrin*-. Separate the mfoml 
»»***. •» .-shiHlcr ami ri;.at the Mtractioii until tljc 

** ««>« ol. Main up the ouiituunl colnml M.lutiuns 

.. a S. Iunr u tli .Uiftit fuf tahuUtii.3 ul.,1 mil. l',. ur „„t cumtjll to fill 
| ' r I Y,‘ t 1 ,u! ' c uJnrimcter (uhtainahle 

itvij n. \\ .-ti.tt ate! Djt.t.tt,;). fh„u!J the il.tctiiily ul the coiur 
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be greater than the 50 per cent standard, dilute further as comparisons are 
most accurate between 20 per cent and 50 per cent. It may be desirable 
to standardize the colorimeter with crystalline urobilinogen. 

3 Calculation and Interpretation.— 

cc of ferrous L> dioxide mixture cc. o [final colored solution 1 „ 

g rama of feces used X cc. of filtrate used X No of days collection of feces 

X wMrcj fa? ? x pmalK ' a) „ „ as . „/ 

per day. 

Example: 

500 50 1 300 . 

io x 2 x i x ioo x ° -° “ 157 5 

Normal individuals excrete 40 to 200 mg. with an average of 100 to 
250 mg. of urobilinogen daily. Inanition, inactivity or low grade fever 
decrease the amount excreted. Hemolytic jaundice, pernicious anemia, 
Hodgkin’s disease and leukemia increase the quantity. In some secondary 
anemias it may be reduced. 

IV. Fats.— The stool contains variable quantities of neutral fats, fatty 
acids and soaps. Excess of fats is found in pancreatic disease, biliary 
obstruction and sprue. Neutral fats are present in very small amounts or 
not at all on ordinary diets. 

A. Qualitative Differentiation.— Table 7 gives a simple method for 
differentiating these fattv elements of the stool: 


Table 7 —Tests fob Fattt Elements rx Feces. (From Kolmeh a 


> Boern-eb.) 


Twt 

Microscopic 

appearance 


Neutral fata 

Round or irreg- 
ular globules; 
highly retrac- 
tile or minute 


Scharlach R* 
Sudan III* 


Stained 

Stained 


Fatty and* 

Sheaves of large needles 
or ehort, delicate, 
curt ed needles which 
occur m such thick 
masses that the shape 
of the individual cry s- 
tals can seldom be 
made out 


Crystals not stained, 
globules stained 
Crystals not Blamed; 
amorphous flakes 
light orange 
No reaction 


Soap* 

Needles arranged in clusters 
or in fans or in short plump 
cry a t al a or scales, in amor- 
phous forms as gnarled 
bodies ex tried like the 
pinna of an ear; soap crys- 
tals are comparatively 
coarse, as a rule (thick, 
ehort needles or flakes), 
but may be indistinguish- 
able from those of fatty 
acids 

Not melted 

Not dissolved 

Not stained 

Not Stained 


Sodium and potassium soaps 
dissolved; calcium and 
magnesium soaps not dn>- 

a equal parts 70 per cent 


B. Quantitative Determination. — This determination as usually made 
on the dried feces is very tedious and liable to v ery erroneous results when 
applied to pathological feces, due to the changes that occur during drying- 
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For accurate determination of fat, the twenty-four-hour stool should be 
collected and thoroughly mixed. A convenient, speedy and accurate method 
for moist feces is that devised by Saxon. The soaps present are converted 
into free fatty acids by hydrochloric acid and are extracted with ether, 
which removes neutral fats, free fatty acids, fatty acids separated from 
soaps and cholesterol. The ether is removed, the crude fat purified with 
petroleum ether and the weight of total fat obtained. The fat is then dis- 
solved in benzene and titrated with an alcoholic solution of sodium hydrox- 
ide or potassium hydroxide (sodium or potassium alcoholate) and cal- 
culated as stearic acid. 

1. Reagents,— (a) Sodium (or Potassium ) Alcoholate, 0.1 N. 

(6) Phenolphthalein, 1 per cent alcoholic solution. 

(c) Benzene, Celle. 

(d) Petroleum Ether; boiling range 30° to 00° C. 

(e) Ether, anhydrous. 

(f) Hydrochloric Acid, specific gravity 1.10. 

( g ) Ethyl Alcohol, 95 per cent. 

2. Procedute,— Thoroughly mix the feces in a mortar or dish and place 
about 5 gm. (accurately weighed) in a 100-cc. glass-stoppered graduated 
cylinder. Add 20 cc. of distilled water, 2.5 cc. of concentrated hydrochloric 
acid, and dilute to 30 cc. with distilled water. Add 20 cc. of ether, stopper 
and shake vigorously for five minutes. Allow to stand for a few moments, 
add 20 cc. of 95 per cent ethyl alcohol and agatu shake for five minutes. 
Allow to stand until the ether separates out and then blow oh the ether 
(using tubes such as arc used in the Warner-Schmidt method for fat in 
milk) into a clean dry Krlemney er ilask. Add 5 cc. of ether to the cylinder, 
flowing it over the stopper; agitate slightly and blow oil into the Erlcn- 
ineycr flask containing the preceding portion. Kepe.it this process five 
times. 


Again add 20 cc. of ether to the cylinder and shake five minutes. Allow 
to separate and blow it oil into the Krlctmicyer ilask. Again wash five 
times with ether as before, blowing olf each portion into the ilask. 

Cautiously distil oiF tire ether at low temperature until no odor of 
alcohol (which was carried over with the ether) can be detected. Add to 
the flask 30 cc. of petroleum ether, filter through a small plug of cotton 
(fat-free) in the stein of a small funnel, wash the funnel, Ilask and cotton 
four times with 5 cc. |K>rtions of petroleum ether and dry the residue at 
C. Place in a desiccator until cool, then weigh. The difference between 
this weight and that of the empty Ilask is the total weight of fat. 

After weighing, disuihc the fat in the Erlcnincyer flask in 50 cc. of 
hcnicnc. heat marly to IjuiUwg ami add 2 drops of phenolphthalein soJu- 
tuiu. titrate with 0.1 N sodium aUnlmkitc and calculate the weight of 
the tatty .u ids as stearic acid. 

-XCalcaUlioM.-TI,,- of total fat i-t ol.tait.e.1 l,y subtnetinR the 

' n r' k fn,m ! ,l<! “* of »"-■ fl-.sk ami the .fricl fat. 

, I I, - , • V " , r ll '"TT;'f ‘U-anc_*il, mar Ik.- obtain,.) U multi- 
!.V 7 “"J 1 1,1 <1r - titration l.y t)„- fa, tor SS. I. 

S 'h rV o*-'' 1 , 1 " f ’‘" Jl fjl aright of fattv 

* f al I * the w t uht of HnJlr.ll fat it, the MKjple. 
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THE SPUTUM 

By Carl J. Lind, Jr. 

Tup, specimen should consist of material from the bronchi, rather than 
saliva or nasal secretion. Thus the best sample is ordinarily an early morn- 
ing one collected in a clean container with a minimum of mouth contamina- 
tion. If bronchial secretions cannot be obtained readily, the back of the 
throat may be irritated with a swab to produce a paroxysmal cough, and the 
expectorated material caught in a Petri dish. Sputum should be kept cold 
and examined within a few hours. 

BACTERIOLOGY 

If the presence of pyogenic bacteria is suspected, make a Gram stained 
smear and also cultures on blood agar and in infusion broth. For pneu- 
mococci, in addition to smear and cultures, a white mouse may be inocu- 
lated intraperitoneally and typing attempted with the peritoneal fluid, 
in case direct typing fails. If tubercle bacilli are anticipated, make an acid 
fast stained smear and culture and inoculate animals. It is usually 
difficult to find tubercle bacilli in the bloody sputa of tubercular patients. 
For the technics in detail, see the chapters on Bacteriology. 

Other infections or infestations may cause findings in the sputum. 
Among these are yeasts and fungi, particularly actinomyces. Some animal 
parasites which may be identified areE. histolytica, T. echinococcus (book- 
lets and scolices), hookworms and roundworms (larva), and lung flukes 
(ova). For further information, see the chapters on Mycology and Para- 
sitology. 

MACROSCOPIC EXAMINATION 

One may note layering, mucus, pus, color, odor, coagulation, tenacity 
and quantity. Curscbmann’s spirals are yellowish-white masses up to 
1 or 2 cm. long of twisted threadlike fibers surrounded by mucus. Bronchial 
casts and broncholiths are uncommon. Dittrich’s plugs, from bronchi or 
tonsils, are friable, yellowish-white masses 1 to 10 mm. diameter, with a 
putrid odor. 

Sometimes sputum is of unusual color. That from workers in coal 
or iron may be black, that of bakers and millers, white, that of patients 
with jaundice or pneumonia, green, that of workers with dyes or pigmented 
chemicals almost any color. The usual variations are red sputa due to 
blood, and rusty or brownish sputa due to the chronic pulmonary con- 
gestion of pneumonia. 

MICROSCOPIC EXAMINATION 

I* Unstained Preparations. — Choose a suspected particle and spread 
under a cover glass. Small Curschmann’s spirals may be seen (asthma?). 
Elastic fibers have the appearance described in the chapter on Feces. 
Charcot-Leyden crystals are needle shaped, 20 to 40 microns long. Rarely, 
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pneumolitlis or small calcified bodies are seen in tuberculosis. “Heart- 
failure-cells” are macrophages 30 to 40 microns in diameter containing faint 
brown cytoplasmic inclusions that give a positive iron reaction. Similar 
cells carrying brown-blackish carbon occur in anthracosis. Myelin forms 
colorless globules, which in larger forms have concentric or irregular spiral 
lines. The yellow or gray sulfur granules of actinomycosis show a mesh of 
mycelia when crushed. Non-pathogenic molds and yeasts may be seen. 
Spores occur as highly refractile spheres. 

II. Stained Preparations.— Prepare moderately thin films, air dry and 
then fix in a flame, or with absolute methyl alcohol, or 1 per cent mercuric 
chloride solution. For bacteria see the pertinent chapters. For cells, any 
polychromatic dye is suited, such as Wright’s stain. Erythrocytes are 
normally degenerated and remain only as pigment. The presence of many 
neutrophiles suggests a pyogenic reaction. Lymphocytes are normally 
common, but when present in excess they suggest a chronic reaction such 
as tuberculosis. Eosinophiles are common, fragile, and usually occur in 
large numbers in acute asthma. A differential eosinophile count of over 
25 per cent suggests an allergic state. Epithelial cells are of three forms. 
Squamous cells are large, flat, polygonal, with a small nucleus, and are 
derived from the upper respiratory tract. They are especially numerous 
in acute pharyngitis and laryngitis. Glandular (cylindrical) cells are from 
the nose, trachea and bronchi. They are usually infrequent and in varying 
stages of degeneration, although cilia may persist. Alveolar cells are 
rounded, 20 to 40 microns in diameter, with one or two round nuclei. 

A diagnosis of tumor from sputum examination should be made with 
caution. For this type of study, in addition to direct smears, the sputum 
should be mixed with saline and the sediment examined both in smears 
and after fixation and section. Carcinoma is difficult to diagnose unless 
masses of the tumor tissue are found. Similar caution should be observed 
in the attempt to interpret inclusion bodies in the cells as indicative of 
virus infection. The Giemsa stain is generally a good stain for inclusion 
bodies. 

CHEMISTRY 

An occasional test for ptyalin (salivary amylase) is the only commonly 
used chemical procedure. To a few cubic centimeters of saliva in a test 
tube add a few drops of 1 per cent soluble starch solution and incubate 
at 38° C. for thirty minutes. If ptyalin is present the starch is digested, 
and fails to produce a blue color when Gram's iodine solution is added to 
the incubated mixture. 



CHAPTER VIII 

TIIANSUDATES AND EXUDATES 
By Caul J. Lind, Jit. 

GENERAL 

Abnormal fluids from body cavities are roughly classified as transudates 
and exudates. Transudates are considered ns mainly filtrates generally 
due to mechanical causes, while exudates are commonly the result of 
inflammation. 

Specimens should be collected in sterile clean containers. Potassium 
oxalate may be added as an anticoagulant. The specimen should be 

, . riological 


Table 8 


TiAiuuJatr* ExuJ*t«* 

Specific gruMty .... Well under 1 018 VYelloicr 1 018 

Appear enc« . Watery to alightly > el- Cloudy to purulent 

low, dear to haiy 

Albumin Well under 2.5 per cent Well ot er 2 A per cent 

Micro* copio No bacteria; a few red Uaually bacteria with centrally 

blood cel U and mw> a marked cellular exudate 

thelial cells 

Spontaneous coagulation . . None Frequent 


Determine specific gravity with a hydrometer. Albumin may be 
determined by the chemical methods elsewhere described, or by adding 
a few drops of 5 per cent acetic acid. On adding this acid, transudates 
show no reaction to a slight turbidity; exudates immediately form a dense 
white cloudy precipitate. 

MICROSCOPIC EXAMINATION 

A total cell count is rarely indicated, but a differential count is of great 
value. The fluid must be fresh and unfixed. Smears arc made from the 
well mixed specimen, and alsofroni the ccntrifugalized sediment. Stainthcsc 
for bacteria and also as a blood film. It is important to have a thin film, 
rapidly dried, or else the cells may be shrunken and difficult to identify. 
For microscopic section, the packed sediment may be overlaid with any of 
the usual fixatives ( e . g. 10 per cent formalin). After this hardens gently 
dislodge the plug, block vertically and proceed as for any histological 
preparation. 

The cytological findings are usually not diagnostic. However, they are 
of great value in suggesting probabilities. Many neutrophiles will suggest 
a pyogenic infection. An excess of lymphocytes occurs in tuberculosis, 
chronic infections and old effusions. Mesothelial cells are usually very 
large, with abundant cytoplasm, and one or more round vesicular nuclei. 
They tend to clump in masses, are variable in size and frequently show 
degenerative cytoplasmic swelling. These cells predominate in transu- 
( 88 ) 
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dates, and when present in large numbers with associated erythrocytes are 
common in malignancy. They do not show mitosis. It is essential not to 
mistake these for cancer cells. Eosinophiles are occasiona y prommen , 
sometimes with tissue basophiles, in pleural effusions, especia y a 
pneumothorax. Erythrocytes, frequently undergoing degeneration, are 
prominent in tuberculosis and malignancy. Malignant cells are hard to 
recognize except when undergoing mitosis or arranged in c umps ma 
ing a tissue pattern. Individual glandular tumor cdls contaming mucus 
may be identified. These cells are easier to recognize m the microscopic 
section, and even there, the diagnosis must be made with caution. y 
are usually a sign of encapsulated or encysted fluid. Choles ero 
usually a result of fatty degeneration; hematoidin forms, o o 00 

CHARACTERISTICS OF VARIOUS FLUIDS 

I. Pleural.— A red color is generally due to fresh blood, and is 
associated with trauma, tuberculosis, neoplasm, aneurism, cirrhosis ot trie 
liver or hemorrhagic states. A brownish color implies the presence 
blood, and suggests a neoplasm but a clear fluid by no mean , 

malignancy. Empyema fluid ranges in color from yellowish brown through 
yellow to cr ■ mated wltl1 pneumococcus 

infections, a ' A milk y appearance may 

be due to fat w , ,. 

II. Peritoneal-Ascites is usually associated with neoplasm, cardiac or 
renal disease, cirrhosis, or inflammations of the peritoneum, I u e 
ascites is atypical exudate, with elevated specific gravity and album n 
'vhich clots spontaneously. It is usually yellowish, occasionally with a 
greenish tint, and its cells are mainly lymphocytes, although in . the acute 
phases there may be many neutrophiles, with or without cry ' y • 
Tubercle bacilli are rarely found on the direct examination. In cirrnosis 
Jhc cells are few, mainly flat mesothelial forms with occasional lymphocytes. 

malignancy, there are usually many cells, mostly mesothelial, and occu- 
Sl °nal clumps of tumor cells. An opaque ascitic fluid resembling watery 
milk is cither chylous or pseudochylous. The latter is due to degenerating 
mesothelial cells or to albumin. _ . • n f 

HI. Pericardial.- A peculiar non-suppurative effusion occurs meases of 
fenal and cardiac disease. This transudate is alkalme.usuallyclear 
«>lorlcss to a yellowish-green tint. Its albumin exceeds 3 per cent and 
11 may dot on standing. It is sometimes turbid due to degeneration of 
mesothdial cells. Malignancy causes reactions similar to those of tiie 

plcura - . . . , „ • , 
IV. Synovial Fluid.— This is normally alkaline, thick, viscid, yellowish, 
aiw l may appear cloudy due to cellular debris. It contains albumin and 
a mucin-like substance. , , , * . n . 

^ • Hydrocele Fluid.— The fluid is clear, frequently dark green to yellow . 
specific gravity ranges from 1.014 to 1.02G, solids about G per cent, and it 
may coagulate spontaneously. It always contains moderate numbers of 

Jmpliocytcs, anil may r have cholesterol crystals. ... 

. ' I* Spermatocele Fluid.— The fluid is thin, and resembles watery nulk. 

q*cdfic gravity is usually 1.000 to 1.010. Ordinarily spermatozoa 
m *y he found. 
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VII Pancreatic Cyst Fluid.— The fluid is variable. It U umally neutral 
to alkaline, and contains blood. Ke]>ortcd specific gravity varies from 
1 007 to 1.030 Moat fluids contain amylase or trypsin, ami arc free of 
albumin. 

VIII. Hydatid Cyst Fluid.—' The fluid is usually clear and colorless, with 
specific gravity l.OOo to I.Olo. There is little albumin. Usually frag- 
ments of the organism may be found in the sediment. (Sec Section on 
Helminthology.) 
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THE CEREBROSPINAL FLUID 
By Carl J. Lind, Jr. 

The fluid is collected preferably in three sterile, chemically clean test 
tubes, numbered 1, 2 and 3. The first drops (tube 1) may contain some 
blood from tlie puncture. This fluid should be used only for bacteriological 
procedures. Part of the contents of the last fraction (tube 3) should be 
removed for cell counts. Tubes 2 and 3 may be used for any indicated 
procedures. When a canary yellow fluid (xanthochromia) is obtained, it is 
advisable to use a trace of potassium oxalate in tubes 2 and 3 to prevent 
clotting. The cell studies and indicated bacteriological procedures should 
be done at once, but the remaining tests may be delayed several hours if 
the specimen is refrigerated. Always shake eacli tube gently before with- 
drawing a sample. 

On cerebrospinal fluid, the usual serological test for syphilis is the 
Wassermann. For details see Chapter XII. 

GROSS AND MICROSCOPIC EXAMINATION 

T ptiwii.'ii — \ T nrmnl fluid looks like water, is alkaline 


^ dud red or brownish color usually is due to old blood in the uuia. 
ways report the presence of fresh blood. Xanthochromia is associated 
ltn a high globulin in a fluid which usually clots spontaneously on stand- 
,n £’ Coagulation is abnormal, and generally associated with meningeal 
eaction. To examine for pellicle formation, set the tube upright and do 
i Disturb it. A pellicle forms on the surface of the fluid, and extends down 


rmation does not rule out these diseases. 

Co " . — Total cell count is best made with the Fuchs-Rosenthaj 

an ^ c bamber. The ruled area in the chamber covers 16 square mm. 
polv } C0Ve ^ as3 , distance is 0.2 ram. forming a volume of 3.2 cu. mm. A 
ehr'i 0 raa -^ c ^biing solution (such as methyl or gentian violet, 0.2 gm.; 
them a i CCt i C acK ^ ^ cc -; distilled water 90 cc.; well filtered) is drawn to 
j r a " t * * n a regular leucocyte pipet. Then the well mixed spinal fluid is 

.i *° the mark 11. Shake the pipet well, discard-a few drops, place a 

.P 111 the counting ohamlw.- tnr tho 


<lrnn * 1 **• uiuuvc liic lieu, uuuuu.j icn piatc u 

and t| U COm3tia S chamber, wait several minutes for the cells to settle, 
wll* * ,Qa he the count. The exact count per cu. mm. is the number of 
filili.** 1 , c ^ air ’ , '“ r 'tLn^r.ri Li r i ^ Mnmher volume), multiplied by 11/10 
factoi 


t»e number of 

tonw . ^Rosenthal chamber is not available, the ordinary nema- 
e cr counting chamber may be used. Here the calculated number of 

( 91 ) 
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cells per cu. mm. must be multiplied by 11/10 to compensate for the 
dilution. 

With a \cry high cell count, tlie lluitl may be diluted with the staining 
solution to facilitate counting. An elevated count on a bloody fluid is 
unreliable A normal count is considered to be under 10 cells per cu. mm. 

Differential Cell Count.— Prepare thin smears of centrifugalized spinal 
fluid sediment. If the cells will not remain on the slide, one may add a 
little acellular plasma or serum, or better, fix in an albumin fixative. Quick 
drying in air is satisfactory. The stain may be a weak aqueous methylene 
blue solution, or Wright’s stain diluted with one-third volume of absolute 
methyl alcohol. A differential count from the drain stained preparation is 
not satisfactory, and a differential should not be done in the counting 
chamber during the total cell count. 



FlQ. 5.— Fuclis-Rosentlial counting chamber. 

The differential should ro|>ort the percentages of lymphocytes, ncu- 
trophiles and endothelial cells. Count at least 100 cells. Normally one 
sees few cells except lymphocytes. 

BACTERIOLOGY 

Prepare smears of the sediment from the ccnlrifugalued fluid. Make a 
Gram stain for organisms. For tubercle bacilli, centrifugalize at high speed 
for thirty minutes, and stain the sediment by the acid fast method. A 
coagulum may be stained for bacteria and is frequently positive when the 
remaining fluid is negative. A pellicle is the best part of the specimen to 
stain for tubercle bacilli. For cultural and inoculation methods see the 
chapter on Bacteriology. If a relatively delicate organism such as the 
meningococcus is suspected, there should be no delay in proceeding with 
the bacteriological studies. 

CHEMICAL EXAMINATION 

I. Protein.— The chief _ eve j j s 

about 30 mg. per 100 cc. . " jjy j n . 

validates a determination. 

1. Pandy's Test.-This is a qualitative test. Melt plicnoi crystals, CP, 
m a container surrounded by hot water, then make a saturated solution of 
phenol in w'ater by putting 100 cc. of 
and adding distilled water up to 1000 c< 
days in which it is kept in an incubate 
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To perform this test, add a large drop of spinal fluid to 1 cc. of the reagent. 
A bluish white cloud immediately forming around the drop as it swirls in 
the reagent indicates an abnormal increase in the protein. Normal fluids 
often show a faint trace by this method. This trace should not be reported. 
Report the test as negative, moderate increase, or marked increase. 

2. Esbach’s Test. (Lundeberg.) — This gives a roughly quantitative re- 
sult. Using a reagent of 10 cc. of trichloracetic acid in 90 cc. of distilled 
water, make the test in the same manner as described for urine, except 
that the following device is recommended for small quantities of spinal 
fluid. A narrow test tube, or large glass tubing sealed at the bottom and 
about 5 mm. in diameter, is strapped with adhesive tape to the side of an 
Esbach albuminometer tube. Spinal fluid is poured in to opposite the 
U mark and the reagent to the It mark. 

' .. ■ : V . .-I . : enis and Ayer, modified.)— The tur- 

when added to a solution containing 
^ le concentration of the protein in the 

solution. In this test the turbidity of the unknown is compared to the 
turbidity of a solution containing a known amount of protein. For this 
test a cloudy or bloody specimen must be centrifugalized to obtain clear 
fluid, but xanthochromia does not interfere. This is an accurate, relatively 
simple test. 

Make a standard solution of pooled normal serum diluted with 15 per 
cent sodium chloride solution to contain an exactly determined amount of 
protein, most conveniently between 20 and 40 mg. per 100 cc. This 
Measured value in mg. per 100 cc. is called “K” in the calculations below. 

. a /ew crystals of thymol are added this solution will keep for six months 
»u the refrigerator. 

To perform the test, make a mixture of 0.6 cc. of spinal fluid, 0.4 cc. of 
distilled water and 1.0 cc. of 5 per cent sulfosalicylic acid. Mix this by 
f U\ ersion, but not by violent shaking. Make a second mixture of 1.0 cc. of 
ne standard to stand for at least five minutes. Then compare both in a 
colorimeter (Duboscq) or photolomcter (maximum transmission at 400 m*i). 
1 be calculation for the colorimeter is: 

Reading of standard K 

Reading 0 f unknown X Jo " mK ‘ protem per 100 cc ' |n unknown 

As long as the proportions are unchanged in the spinal fluid mixture, 
ic \olume of the spinal fluid may be increased or decreased without 
tk© formula. If the turbidity of the spinal fluid mixture is 
•d water and at the end of the 

..... ,„.ues for sugar lie between 40 and 

m *^. cc - This determination is best done quantitatively by the 

t iods described for blood chemistry. Chlorides, alcohol, and other 
nsutuents arc best determined similarly. 

PRESUMPTIVE test for tuberculous meningitis 

„ tuberculous meningitis tlic ratio of the precipitate in the spinal fluid 
i aoding mercuric cldoride to the precipitate on adding sulfosalicj lie arid 
oo/d'^ 11 ' a * <cre< * (k«vin:>on*i} method). This test is presumptive but 
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CHAPTER X 
THE BI.OOD 
By Cam. J. IJM>. Jn - 

, , cent of hospital laboratory P roccJl ‘|^ X^teardSK 

l.li.oo Hence one s ^ to indicate 

.. 1. s vl.t!iC\CP po ' ' 

auuplf method* saitM _ j i ''i 

“" ll 0,c latlcr " rc pt0 “ uu '“ ” 

clinical research. . „ . l.^nozlobin. red and white cell. 

In this country the determination of hemog h ^ blood slu dics. 

§ clinicl ’ pict ’ ,rc 

iectivc. A chapter on blood methods cannot structure and 

scope of morphological interpretation. »« *U* ° ^SuS. ® 
clinical significance readers arc referred to the mall} stanuaa 
pathology, histology and hematology. 

aENERAL METHODS 

I Specimens.— 1. Skin Puncture.-Skin puncture of the finger ^P’ ^ 
lobe of die car, or in infanta of the ball of the heel, is tilt l USM . so ^ 
blood. In any case the site is gently massaged nr placed in tianu ' 
promote active congestion. This provides a standard specimen, 
showing pallor, cyanosis, edema or inflammation contain abnorm. . 
Too brisk rubbing will increase the clotting factors and jiUer thc V 
The pn rf «hnifld he cleaned, then defatted with alcohol winch is allow‘d J 

dry* : ■ 

instru ■ ‘ 

coriui " ■ 

comn > , .... 

imbe< ■ ■ , . ■ . ' 

collapse i • ■ ■■ * 

taneousl; . . 

because'^ ■ . . ’’ 

be wiped . 

The size * .Bun layer 

of petrol: _ r - , 


commonly used. After the vei 
(9S) 


is entered, release tlie tourniquet, draw 
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the specimen, compress the site with a sterile pledget and withdraw the 
needle. Then remove the needle from the syringe and gently express the 
blood into the proper container. It is particularly important to release the 
tourniquet before drawing blood for a sedimentation rate or hematocrit 
determination. 

The same syringe may be used repeatedly if it is well rinsed after use 
with a sterile saline solution. Technicians should observe care not to 
contaminate the fresh sterile needle which must replace the used needle. 
The saline should be changed frequently to avoid hemolysis. If hemolysis 
occurs, obtain another sample. 

Other venepuncture sites arc the forearm, the hand, the popliteal veins 
of females, and the longitudinal sinus or the external jugular vein in infants. 
If the vein is very small, a needle of less than 19- or 20-gauge may be used. 
Hematomas are generally due to multiple punctures in the same region or 
to penetration of the deep wall of the vein. If bleeding into the tissues 
begins, apply pressure and choose another site. 

3. Anticoagulants.— The best anticoagulant is heparin. To use, add a 
pinch of the powder to the specimen tube. The amount is usually very 
small, roughly 0.2 mg. per cc. of blood, and can be judged best by trial. 
The drug may be dissolved in saline, and the solution dried in the tube. 
Mixing must be thorough. Heparin lias no cfTect on the size of the cells. 
Some observers think it causes a decrease in the number of platelets but 
this is doubtful. 

Another good anticoagulant that is more suited for routine work is 
0 mg. of ammonium oxalate and 1 mg. of potassium oxalate per 5 cc. of 
blood (Heller and Paul). To prepare a stock solution, add 12 gin. and 
S gin. respectively, of the dry chemicals to 1000 cc. of distilled water. If 
0.3 cc. of this is added to the collection tube and allowed to dry on the 
wall, the tube is then prepared for 3 cc. of blood. This anticoagulant has 
no cfTect on the size of the cells. A frequently used anticoagulant is a drop 
of 20 i>er cent sodium or jmtasrium oxalate per o cc. of blood, although 
this, like others in common use, causes changes in cell volume and cell 
characteristics. 


Whenever % enepuncturc is done, the specimen bottle should he tightly 
curled if die blood is not und at once. This will prevent evaporation of 
the plasma. Sedimentation begins at once, so that the blood should always 
l>c thoroughly mixed before removing a simple. In general, keep the 
l**tilc stored in the refrigerator and use us v*»n as possible. In the absence 
of contamination, platelets degenerate in one to several hours, granulocytes 
in dx to twenty-four hour*, lympWvtcs alter in a clay or so. and cn- 
tlnocv to clung? dimly. Contamination accelerates these changes 
H. Routine Equipment.- 1. Sjri njej and Needles.-To prepare a 


l 1 i.'" 1,r > |. ml I. into a Wawniiai.n gw, |,l, v » ill, nmu'CaB.l'.lilSic 

tMJi tx-rMlrv and *v r.ngrs can W ‘ttrihzol able. An autoclave at I'M" C 
HA i*>u»h *trau p,*r*»nre) for fifteen minutes, or drv brat at ITu* C for 
a.ll rilctt sterilinstl^j. 

* u "" 1 !.!>■.! tl„L, in it. If tl, 

f 11 U :U : " 1 tU ( Jw<cr. II ti c r ln; igt , l,„ :a in u ; t 
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barrel of a syringe, one may put the cooled syringe in warm water to expand 
the barrel, and then try to pull apart. If this fails, fill another syringe with 
water, put on a needle which can be inserted into the stem of the frozen 
piece, and force this water against the head of the frozen plunger. The 
freeze may be loosened by injecting hydrogen peroxide solution. Another 
method is to wind the barrel with rubber tubing, and the head of the 
plunger with similar tubing but in an opposite direction, and then twist. 
The glass should be well covered for protection in case of breakage. 

Needles should be rinsed immediately after use, or dropped in water. 
As soon as convenient, clean them thoroughly with cold water, and dry by 
forcing alcohol followed by ether through the bore. Wet needles will rust. 
Sharpening can be done on the finest grade of emery cloth spread on a 
flat surface. This should be followed with a few strokes on a fine blue 
water stone. The pain of venepuncture is related more to dullness than 
to the size of the needle. 

2. Glassware.— All glassware must be scrupulously clean, without fat 
or oil film. New slides should be washed in hot soapy water, rinsed very 
well, and placed in a beaker of 93 per cent alcohol for storage. For use 
they are polished with chamois or a lint-free cloth, such as old linen, and 
flamed. They may then be stored in a box with a clean piece of paper 
between each slide. Dirty or used slides should be salvaged. Boil them 
in 5 per cent sodium bicarbonate solution, then scrub with soap and water 
and place in sodium dichromate-sulfuric acid cleaning solution for twelve 
hours, and finally wash as for new slides. Cover slips can be treated 
similarly except that they must not be flamed. A final rinse in ether speeds 
drying. 

Counting chambers are cleaned with soap and water, rinsed in distilled 
water, and air dried. If a chamber is needed at once, blot it dry with 
lens paper. Alcohol and ether may be used with care to remove oil from 
a counting chamber, but xylene and other cement solvents must never be 
used on cemented chambers. 

New hemocytometer pipets should be cleaned before use. Using suction, 
draw water through them, followed by alcohol, ether and air. The bead 
in the bulb should shake freely in a clean pipet. If a pipet 13 plugged, the 
capillary bore may be cleaned with a horsehair and the tube soaked tw elve 
to twenty-four hours in dilute nitric acid and then cleaned as above. 

III. Preparation of Blood Films.— 1. Dry Films.— Place a drop of blood 
on one end of a clean slide held on a flat surface. Hold the other end of the 
slide firmly. Choose another slide with a regular unchipped edge at the 
end. Place this edge transversely across the center of the flat slide and 
draw the edge up to the drop of blood at angle of about 30 degrees, so that 
the blood by capillarity fills the acute angle between the flat slide and the 
top slide. Then push the top slide with a firm steady motion toward the 
opposite end of the bottom slide, maintaining the same angle. Thus the 
blood is drawn in a thin film over the bottom slide. The slower the move- 
ment and the greater the angle between the slides, the thicker the film will 
be. The film should be dried at once by waving it in the air. Rapid drying 
causes the cells to spread well and to present more surface for examination. 
Ordinarily heat should not be used, although gentle heat may be necessary 
m very humid climates. In a dry atmosphere an electric charge may 
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accumulate on the glass and cause an unequal flow of blood. This can be 
discharged by passing the slide through a flame before use. # 

Films may be prepared on cover slips. The size of choice is 22 x m 2 mm., 
No. 2 thickness. Pick up two clean slips by their edges. Let a drop of 
blood about 2 mm. in diameter flow on the center of one. Then place the 
other slip flat over the drop so that all the slip corners form an eight- 
cornered star. Capillarity spreads the drop of blood . J ust before spreading 
is complete, separate the slips with a sliding motion. Do not lift slips apart. 
Do not let the blood clot. Then air dry the film as above. 



Yio- 7. — Altered red cells. Tho chain, dumb-bell, droplet, and filament phenomena m 
fowl's blood and human blood as seen by the dark-field method Not draicn to leale. (In 
part after .Vutuil and Graham-Smith, from Andrew Balfour’s Fallacies and Puzzles in Blood 
Examination, courtoay of Bailliire, Tindall Jc Cox.) 

These preparations are variously culled— slides, slips, smears, spreads, 
streaks and films. The blood is best obtained from a skin puncture. 
Venepuncture Uood is not ad\ isabie, as the normal values differ slightly 
and sedimentation will have begun. 'Die cover slip method is more 
accurate for a differential count particularly if all the leukocytes are 
counted. Another advantage of the cover slips is that they can be stained 
by immersion. However either method can gi\ e proper films, in which 
there is an c\ en spread, thin enough so that the red cells lie flat and abut- 
ting, and do not overlap. The secret of good film technic lies in clean 
glassware, a thin film, and rapid doing, 
hilms should ordinarily be stained soon after preparation. Aftrr n 
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few days a film loses its staining characteristic*. Att unfixed film may 
be eaten by insects. If a delay is necessary, fix the film for three to five 
minutes with absolute methyl alcohol, or coat with melted paraffin which 
may be removed later with xylene. 

Films may be marked for identification with a glass pencil, a wax pencil, 
or most conveniently by writing ov cr the edge of the blood film with a 
lead pencil. 

A valuable accessory procedure for morphological study in a patient 
with severe anemia or abnormal plasma is to obtain blood l»y venesection, 
mix with anticoagulant, ccntrifugalize gently, remove most of the super* 
natant plasma and replace it with normal compatible plasma equal in 
volume to the cells. If only leukocytes are desired, as in leukojumia, make 
films from the gray huffy coat above the ret! cells. Artefacts are frequent, 
especially after vigorous centrifugation, so that this should be considered a 
supplemental procedure only. 

2. Wet Films.— These preparations provide a view of the whole blood, 
in its living state. To prepare the film, touch a very small drop of blood 
from a fresh skin puncture to a cov cr slip, w hitli is immediately placed blood 
side down on a slide. The glass must be clean, the procedure gentle. 
After the blood spreads beneath the cover slip in a thin film, seal the edges 
with petrolatum. In a satisfactory preparation the ml cells arc separated 
from each other and there are no rouleaux. 

By this technic, one may observe the shape and size of the erythrocytes, 
the mobility and activity of the leukocytes, fibrin formation, and certain 
parasites (malarial pigment, moving parasites). Dark-field illumination 
gives added information. 

IV. Stains and Staining.— There are many methods of staining blood 
films. The customary ones use a polychrome methylene bluc-cosin stain. 
Fixation is usually done by the meth)l alcohol in the stab or by previous 
treatment with absolute methyl alcohol. Since polychromation is delicately 
related to the pH, buffers are frequently used instead of tap water of 
unstable composition or distilled water which is more or less acid due to 
dissolved carbon dioxide. For any given region, the water can be tried and 
corrected to suit the examiner. 

: nwald 

1 • : at the 

1 ' ; ■ ! . better 

In a proper stab by either method the red cells are a buff color, the 
granules of the neutrophils lilac, of the eosbophils bright red, and o'f the 
basophils deep blue, andthe platelets are purplish blue with a distbet 
architecture. If the solution is too acid, the erythrocytes are a bright red, 
and the leukocyte nuclei are a pale blue to colorless. If the solution is too 
basic the red cells are a slate blue and there is little differentiation. 

1. Buffers.— (a) pH 6.4 (best for Grubler stains). 

Sodium dibasic phosphate (anhydrous) ... . 2 56 gm. 

Potassium monobasic phosphate . 6 63 gm." 

Distilled water . .... q s. ad 1000 OOcc." 

(fe) pH 6.6 (best for American stains). 

Sodium dibasic phosphate (anhydrous) . 3 gg 

Potassium monobasic phosphate . . . 5 47 cm ~ 

Distilled water . . . q.s. ad lOOO.OOcc,' 
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If the anhydrous dibasic sodium phosphate is not available, the crystal- 
line form with two waters of crystallization (Na 2 HP0<‘2H20) may be used 
in the ratio of 5 parts to 4 of the anhydrous form. The two water crystals 
in turn can be made from the twelve water crystals by spreading the latter 
on a glass plate in a desiccator for two weeks. 

The weights should be accurate, and volumes must be corrected to 
standard temperature. By varying the proportions of the chemicals, the 
buffer can be made more acid or basic so as to give the colors of a proper 
stain described above. 

2. Wright's Stain.— The staining powder is methylene blue polychro- 
mated with sodium bicarbonate and heat to which eosin is added. 

(a) Preparation of Stock Solution. — 

Wright’s stain powder . 1 • .... 0 3 gm- 

Glycerol. CP . .... 3 3 cc. 

Methyl alcohol (absolute, acetone-free) 97 0 cc. 

Put the powder in a dry mortar, grind with a pestle, add the glycerol and 
grind together thoroughly. Add the methyl alcohol and mix. Allow to 
stand overnight in a tightly stoppered flask, then filter and. let the filtrate 
stand for about a week before using. Some hematologists buffer. the 

alcohol. This is* let stand and then titrated against a neutrai indicator ana 
corrected with more phosphate. 

(6) Procedure.— Cover the dry' film with 10 drops of Wright’s stock 
stain, for one minute. This provides fixation. Enough stain must be used 
t. . . • ■ . ’ 1 " ’ ’ • of distilled 

■ . ■’ i ■■■■’. : “et stand for 

■ \ ■ ■ • : \ ould appear 

• ■ ■ or brick-red. 

. ’ ’. , off, and no 

[/•atJIllULl. auuuiu h-J -- J o -- - 0 ‘ - . •- 

3. Giemsa Stain,— The powder consists of Azur II-cosin and Azur II in 
the ratio 15:4. 

(a) Preparation of Stock Solution.— 


Giemsa powder 0 5 gm. 

Glycerol, CP . . 33 0 cc 

Methyl alcohol (absolute, acetone-free) 33 0 cc 


Dissolve the powder in the glycerol. After several hours add the alcohol. 
The stain improves with age. 

(b) Procedure.— Add 1 cc- of stock solution to 10 cc. of distilled water or 
buffer solution. Stain the previously fixed slide fifteen to thirty minutes, 
exact time determined by trial. Wash w ith distilled water and dry. 

Since the Giemsa stain is poor for granules and cytoplasm it is usually 
preceded by a Wright’s stain or the May-GrucmvaM stain. The latter 
combination is called by some the Pappcnheim panoptic stain. 

The technic for staining thick blood films for malaria or other parasites 
is described in the Chapter on Protozoology. 

/. A&jr.Gnieawaid Stain (Jenncr’s Stain).— The powder is Jenner's 
cosinatc of methylene blue. 

(<i) Pirimalum oj Stock -Sohdttui.— Cautiously heat 100 cc. of absolute 
acc tone-free methyl alcohol to 50” C. Slonly add 0.5 gm. of M.ry-Gmen- 
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wa ld powder. Let stand for twenty-four hours. Filter and store in a dark 
bottle. 

(6) Procedure.— Flood the unfixed slide three to five minutes, rinse with 
water and dry. This stains granules well. 

Stains vary from batch to batch. This occurs less with certified stains. 
Solutions are usually more permanent in pyrex glass than in ordinary 
alkali glass. Keep bottles of stain well corked to prevent evaporation. 
To avoid sediment on a film, a pressure blowing bottle may be used for 
the final rinse, or the film may be stained on edge or face down. A poorly 
stained or faded film may be decolorized with absolute methyl alcohol 
and restained. 

Permanent mounts may be prepared with a slide and cover slip. An 
important point here is the pH of the mounting medium. The artificial 
resins (Clarite) are much more stable in their reaction than balsam. Such 
mounts should be kept out of strong light to decrease the fading. 

5. Peroxidase Stain (Sato and Sekiya).— The mjeloid leukocytes contain 
an oxidizing ferment which in the fresh unfixed film causes benzidine to be 
oxidized and deposited as cytoplasmic granules. 

(a) Material *.— Solution A is 0.5 per cent copper sulfate solution. 
Solution B is 0.2 gm. of benzidine in 200 cc. of distilled water to make a 
saturated solution at room temperature. This is filtered and 4 drops of 
fresh 3 per cent hydrogen peroxide solution are added. This solution should 
be kept in the dark when not in use. If mixing solutions A and B does not 
give a blue color, solution B must be made again. 

(b) Procedure .— Place solution A on a fresh dry blood film for thirty to 
sixty seconds. Pour or wash off gently. Cover slide with solution B for 
two minutes, then wash and dry. A counterstain (1 per cent aqueous 
safranin) may be used. 

This stains the myeloid cytoplasm blue, with peroxidase positive granules 
bluish green and eosinophil and basophil granules strongly blue. Mono- 
cytes have variable faint small blue granules. Lymphoid cells will not 
show blue or green granules. 

THE WHOLE BLOOD 

The blood is about one-twelfth of the body weight, or 5 or 6 liters in 
volume for the average adult. 

I. Specific Gravity.— This and the packed cell volume (hematocrit) have 
received attention as a measure of hemoconcentration, particularly in 
shock. Normal values range from l.(H8 to 1.06G. It may be measured by 
direct weighing, by measuring the specific gravity of a mixture of fluids 
(chloroform and benzene) in which a blood drop hangs suspended, and by 
use of falling drop methods in which the rate of fall of the blood in a known 
fluid is compared with rate of fall of a known standard. To date the results 
have been somewhat equivocal, although the principle promises much. 
Detailed instructions for this procedure ordinarily accompany the special 
apparatus used. 

A newer and far more accurate method for measuring specific gravities 
of whole blood and plasma is the copper sulfate method of Phillips and 
Van Slyke recently de\ eloped. By the use of line charts plasma proteins. 
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hemoglobin and hematocrit may be calculated from plasma and whole 

b! H 1 Blood 'viscosity.— This is a common determination in European 
clinics. In a viscosimeter (Hess) the rate of flow of blood through “ F?P^ 
lari’ tube is compared with that of distilled water. Isonnal adult : blood 
is 3.5 to 5.4 times more viscous than water. Instructions ordinanlj accom- 
pany tbe viscosimeter. i. 

III. Hematocrit (Packed CeU Tolume).-Many consider the hematocrit 
value second in importance only to the blood film. While, strictly 5 P“ b “S- 
the hematocrit is a tube in which whole blood is eentrifuga ized to separate 
cells and plasma, by usage, and in this chapter, ut also will mean i the per- 
centage of whole blood volume which is cells. The present methods are 
not exact, but the standardized test (Wintrobe) is of great value, and its 

results are reproducible. , . . , ,• 

1. Procedure. — Place exactly 1 cc. of blood treated with an anticoagu- 
lant that does not affect cell size or shape in the \\ mtrobc hematocrit tube. 
Tim is a flat-bottomed tube in which 1 cc. of bloodworms a column 10 cm. 
high. The tube wall is marked in mm., thus giving a direct reading of 
per cent of tile 10 cm. height. Roughly equivalent tubes may be impro- 
vised from stock laboratory tubing having an inner bore of 4 mm. diam- 
eter. The blood is placed in the tube by means of a capillary pipet, avoiding 
bubbles. Then centrifugal™ at 3000 r.p.m. for thirty minutes at a head 
radius of 9 cm. In the absence of data oil centrifuge speed, that speed 
should be chosen which by trial on normal blood causes slight packing 
after twenty minutes, but none after thirty minutes. Evaporation of the 
plasma may be disregarded if the tube was exactly filled, or tbe original 
volume noted and a correction factor determined. 

2. Results.— (ct) Volume of picked red cells - normal adult male 4 1 per 
cent ** 7; normal adult female 42 per cent =* 5- (&) Huffy coat— a pale 
reddish gray layer of leukocytes and platelets overlying the red cells. 
Each 0.1 min. thickness is roughly equivalent to 1000 leukocytes per c.mm. 

A graduated centrifuge tube may be Used, although the results are not 
standardized. Using the same centrifuge factors, the values obtained 
average about o per cent low er than w ith the \\ introbc tube- 

The hematocrit tubes are best cleaned with flowing water and suction. 
If left in\ cried they dry. They may be dritd rapidly with alcohol and 
ether. They require occasional cleaning w ith strong acid solution. 

IV. Sedimentation Rate.— 'Hie cells of normal blood settle out slowly on 
standing. 'Hie rate is frequently increased in disease, and appears to be 
associated with the rate of tissue destruction in die body. Its main 
value is as an index of progress of a disease. There are many metluxls. 
All require an anticoagulant which does not alter the MirxI cells- The 
tul*-* must l«c exactly \crticd. 'Hie temperature should !*_* between 2U* 
and 2a* C. The >|Kximcn should l>c tested within two hours. 

1. Cutler Tub* Method.— 'Hie tu!>c has a capacity of ! cc. and is marked 
in 50 dj\ Ldous <>f l mm. each, with zero at the lop. Into a 2-ce. syringe, 
vlraw 0.1 cc. of .'1 per cent valium citrate **4utit>u. Thin add 0.9 cc. of 
\tn«.U3 Wood. Mix well and pour into the Cutler tul>c. The height of 
the oJmun of <tlU is rrad ever}' five minute* for an hour and the results 

• I**Uj1*I m * *l T U lU lt4U.!« fa 
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'ITe normal rate of fall i-* practically constant, reaching in one 
! ..or !r*t ti an > unit. fur mm, lot than in mm. for \umicn. 

'Hie t. * thud may l*c modiiied, u«:ng ti.U-i improx bed from »d x 10 mm. 
t( t ttil<c*, ‘tlccto! **> that - tv of liquid forms a column iiO mm. 
Lgb Knh the tul-e at this point l‘ut exactly 0/J cc. of d i>cr cent M>dium 
citrate * I’.tifij in the tul>e. 'Hun rill to the etched mark with blood and 
i...? a til Set the tubes \ert:call> and measure the heights as altoxe. 
V rn.xl rates are slightly higher b\ this method. 



•taut cr iac^id mo cues, cc. na 110 cc ulooo 
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- *A.asrti<* Tat* Malted.*- II e tid« it hllol to the llkm. mark, cxaitly 
at !> f tl r 1 «cuat'*rr.t. It it then let *tu?.d f«.r one hour, hIuii the uiuur* 
fTtiol mm. a rate it rrod. Ti.tn a hematocrit it determined for 

t? e •;»in..en and the •offretnl *<dm.< otarimi rate ditcnniiml fmiu 
i g ", * !.i* a i!«!>a t> ll.c ’oi M 'i>ftitatitin dtje to ai,dnb, 
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*• *-* «»• r.^:r>t «unol h'.v t.ntd it ii.t«r>cctt the 
* '**• » -e *! t< f> ? men (< r 1 » f..r Wj ru). rn»tn thU point 

'* mtrr «»t. .* i. *- r-*a.*«- t U r t :. nul hr.** i, d f ,, rmted KtJimrntation 
it'r }i> t. .»n <i -*l t..e r- ru.al ft t u*n t* up to i#mm.; for women up to 
.♦I U. It .» »<*** rn re;, rt h li n fintn I a;>l u.vorrrctol ratn and the 
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produce fibrin, the basis of the clot. Fibrinogen and prothrombin are 
normal blood proteins. The change of prothrombin to thrombin is ordinar- 
ily induced by thromboplastin from tissue juices or blood platelets. Cal- 
cium must be present. This double enzyme reaction is: 

Step I. Prothrombin + (calcium and thromboplastin) = Thrombin 
Step II. Fibrinogen + (thrombin) = Fibrin 

The chemical anticoagulants prevent clotting by removing calcium. 
Heparin prevents it possibly by combining with the prothrombin, as a 
so-called antithrombin. 

1. Clotting Time.— 1. Slide Method.— From a fresh, freely bleeding skin 
puncture, place a few drops of blood on a slide. Pass a needle slowly 
through the drop every thirty seconds. AYhen the needle point picks up a 
fine thread of fibrin, the elapsed time from the skin puncture is the coagula- 
tion time. Normal time is two to eight minutes. Skin puncture methods 
are not very sensitive or accurate because tissue juices mix with the blood, 
hut the method is suitable for routine work. 

2. Venepuncture Method (Lee and White).—' Thoroughly rinse a glass 
syringe and its needle with normal saline. From a venepuncture, using, a 
minimum of suction, gently and rapidly withdraw blood. Place 1 cc. in 
each of several clean, saline rinsed Wassermann tubes. Tip one tube at 
intervals, until it can be inverted without losing the clot. Then the same 
end-point is noted in a previously unmanipulated tube. The time is from 
the latter point to the venepuncture. Norm alt ime is sis to fifteen minut es. 
Always perform a control test with normal" blood. The ideal temperature 
for the test is 75° F., but a room temperature from 65° to 90° F. is satis- 
factory. This is a very reliable test. 

II. Clot Retraction.— Place about 3 cc. of fresh blood in a clean test 
tube. Inspect at one hour and again after eighteen to twenty-four hours. 
Most technics require that the tube be kept in a 37° C. incubator, but this 
is not necessary. 

Normally some clot retraction and separated serum are noted after one 
hour, and after eighteen hours the process is marked. A normal clot is 
tough and clastic.. Should the clot adhere to the tube wall it should be 
loosened to permit retraction. An abnormal clot fails to retract and is soft 
ami friable. Poor retraction occurs with low platelet counts. 

III. Prothrombin Time.— If the other clotting factors are normal, it is 
assumed that clotting time depends directly on the amount of thrombin 
activity. It is further assumed that prothrombin activity can be measured 
by its, ability to form thrombin. These assumptions are fundamental in 
Quick’s basic prothrombin method. In this test an excess of tissue extract 
(thromboplastin) is added to fresh blood to initiate thrombin formation, 
and the time for clot formation is considered a direct index of effective 
prothrombin concentration. This method is practical and easy, even 
though it docs not allow for variations in the prothrombin conversion rate, 
or the thrombin-fibrinogen reaction time, or for deficiency of fibrinogen or 
cxcy-vj of antithrombin. 

1. Micro Prothrombin Time (Lawson's Variation).— Place 20 c.uim. of 
thnunUplastin extract (\olumc of Salili pipet) in the central hollow 
<!cprv.vjun of a clean hanging drop slide. Make a deep skin puncture 
which Meeds freely. Discard the first drop. Then tike 20 c.uim. of 
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blood in a dry clean pipet and add to the thromboplastin extract, blowing 
with the pipet to mix. The measured time is from the mixture to the 
point when the material first gels and moves as a whole rather than flows. 
Just prior to this test run a control procedure with a normal person. The 
control time should be between fifteen and fifty seconds. If the control 
time is shorter, dilute the extract with normal saline to slow the reaction; 
if longer, the extract is unsatisfactory and should be discarded. Always 
report both control and patient prothrombin time. 

2. Thromboplastin Extract.— Commercial thromboplastin, procured in 
ampules, should be diluted according to accompanying directions. This 
aqueous extract remains potent for about thirty-six hours if kept in the 
coldest part of the refrigerator. 

An excellent extract can be prepared in the laboratory by Quick's 
method, as modified by Irving. Remove the meninges and vessels from 
the surface of a fresh rabbit brain. Macerate the brain under acetoae. 
Extract three times with acetone, saving the solid material. Dry this in 
an incubator at 37° C. overnight. This powder may be sealed in a bottle 
and stored indefinitely in a freezing chamber. To prepare the extract, mix 
0.3 gm. of the powder with 4.9 cc. of 0.S5 per cent sodium chloride solution 
and 0.1 cc. of 1.34 per cent sodium oxalate solution. Shake this well and 
heat at 45° C. in a water bath for ten minutes. Then centrilugalize for 
three minutes and test the supernatant fluid for activ ity. This fluid extract 
keeps well up to nine months if stored in the coldest part of a refrigerator. 
In routine use warm the preparation in a w ater bath at 37° C. for ten min- 
utes,” or simpler, hold it in the hand until warm, before withdrawing the 
required amount. 

IV. Bleeding Time.— 1. Duke’s Method.— Clean the ear lobe, and make a 
fairly deep skin puncture wound. Blot with filter paper every thirty 
seconds, but be sure not to touch the skin. The size of the wound should 
be such that the blot after the first thirty seconds is 1 to 2 cm. diameter. 
The use of the finger as a bleeding site is not as dependable- The normal 
time from the incision to cessation of bleeding is one to three minutes. 

2. Ivy’s Method.— Inflate a blood pressure cuff around the arm to a 
pressure of 40 mm. of mercury. Make a lancet puncture 2.5 mm. deep on 
the inner side of the forearm just below the elbow. Blot and time as in 
Duke’s method. The normal time by this method is two to four minutes, 
and this test is more accurate. 

THE CELLULAR COMPONENTS 

I. Red Cell Count.— 1. Materials. -(a) The Thoma diluting pipet is used 
to take the specimen from a skin puncture. The bead in the bulb is often 
red. There are graduations along the capillary bore. The fifth from the 
tip is marked 0-5, the tenth 1 ; abo\ e the bulb is a line marked 101. Blood 
is drawn to the 0.5 mark and diluting fluid is added to reach the 101 mark 
making a dilution of 1:200. 

(6) The improved Neubauer ruled counting chamber is a thick glass 
slide with two central platforms. On the surface of each platform are 
engraved rulings. The side platforms, on which a special thick flat cover 
glass rests, are exactly 0.1 mm. higher than the central platforms. With 
cover slip in place, there is a space 0.1 mm. deep over the ruled area. The 
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ruled areas have a surface 3x3 mm., or 9 square mm. The 
corner squares outside the double ruled lmes are e 
smaller Squares. The central square is divided by double 
small squares, each of which contains 16 very sma q ‘ ’ mm> 

tery small squares in all. Thus each very small square 



Flo. 9.— Entire area of new Neubauer counting chamber 

(c) Diluting Fluid (Hayem’s solution).— 

Mercuric chloride ? « 

Sodium chlondo e o m" 

Sodium sulfate Jj 

Distilled water u cc. 

2. Procedure.— Fill the pipet exactly to the 0.5 mark with blood. Remov e 
the excess on the tip. Add diluting fluid to mark 101. Kink the ru 
tube at the end of the pipet against the middle finger and place we p 
against the thumb, and shake in a figurc-of-cight motion for two minuses 
to give a good mixture, 
in place on the counting 
the tip of the pipet to tl 
ihiul to flow under the co’ .. n 

chan the chamber and repeat. Wien satisfactory, allow tlie cells to 
H ttle two minutes and examine with the high dry power. Count the 
nundxr of cells in 5 of the 25 small squares comprising the central s<|. innt. 
‘•l the ruled scale. Count cells touching or crossing the upper and right 
M 'h*sof these small squares, hut not tlie cells touching or crossing tlie lower 
tjf J*-ft sides. To the total number of these cells add 1 zeros to get the red 
r, ‘* r^unt jH-r c.uun. of hlood. 

This factor of 10,000 is arrive*! at as follow s: . 

•Ml cells win* counted in 5 small squares, each made up of 10 of trie 
' r O' small *quarrs. 'lliertforc, SO very Mnall squares, each 1,-100 sq. nun. 
m area, wrre counted, or a total of 1/3 sq. mm. The dumber is 0.1 im- 
*»fxp, so the entire volume of Ji/ufoi hlood counted is 1/30 c.mm. To 
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convert to 1 c.mm. volume it is necessary to multiply the count obtained 
by 50. 

The dilution is 1 : 200 and to correct lor this the result must be multiplied 


by 200. 

The combined factor is, therefore, 50 x 200 or 10,000. 

The maximum variation in the 5 squares counted should not exceed 
15 per cent. If it does, the chamber was dirty, or inaccurate, or there was 
improper mixing. For accurate work one should either procure certified 
instruments or calibrate some of his own. Commercial pipets vary as 
much as 10 per cent in accuracy. They may he corrected grav imeirically 
on the analytical balance, using colored water. The weight of the dry 
pipet the weight filled to 0.5 mark and the weight filled to 101 mark 
provide the necessary data. The counting chambers arc usually more 
accurate Their grids may be checked with an ocular micrometer, and 
their cov er slip height with the depth of focus micrometer found on most 
microscope fine adjustment knobs. 

II. Hemoglobin.— Hemoglobin is an unstable protein containing 0.0335 
per cent of ferrous iron. It is normally present in the blood as reduced 
It may be oxidized to a ferric form, 
per cent of the total normally, and up 
, ■ . ■ Hemoglobin has two hundred and ten 

times more affinity for carbon . ’ : ’ ■ v : ' 

with carbon monoxide to form . * 

smokers, about 1 to 3 per cent ol mum V d . uuu . 0 ^^ 1 .. 

cases of poisoning this fraction may rise up to 50 per cent. Carboxj hem- 
oglobin and methemoglobin do not tarry oxygen. Certain drugs (acet- 
phenetidin, sulfonamides) may cause the formation of methemoglobin, 
which may exceed 10 per cent, and sulfhemoglobin which is usually under 
10 per cent. In certain conditions (sulfonamides, blackwater fever) 
hemoglobin in the plasma forms methemalbumln. 

In view of the above, it is apparent that various hemoglobinometric 
methods measure different things, and there is no general clinical agree- 


ment as to » . ’ the potential 

oxygen cap , 1 . ■ ese figures are 

very close, ’ ... 


Hemoglobin determination by crude tests may be reported equally well 
as per-cent of norma! or as grams per 100 cc. of blood. When determined 
by the more definitive methods, it is best reported by weight: In anv 
event, the method of determination should be clearly understood by all 
concerned with the test. 

For ordinary laboratory work, hemoglobinometers are best calibrated 
using normal blood at various dilutions. The hemoglobin of the normal 
blood should be calculated from the iron content of the blood as determined 
by the method of Wong, page 218. 

The following methods are roughly in order of increasing accuracv, 
and are chosen because they can be used in the average laboratory. 

1. Tallqvist Method. -In this test, fresh undiluted blood is blotted on 
absorbent paper and immediately matched against lithographed colored 
standards marked 10 to 100 per cent. It is based on 15.S gm. of hemoglobin 
per 100 cc. of blood as normal. With its usual variations in paper and 
cofor scafe, it is very inaccurate in the anemias, and only moderately 
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accurate with levels close to normal. The great value of this method is 
its simplicity for use as a screening test in routine work. 

2. Sahli Method. —This, like the other acid hematin methods, is much 
better than the Tallqvist procedure. The apparatus consists of a standard 
(a sealed tube containing an acid hematin suspension; in older sets a 
brown colored glass rod), a graduated test tube of the same diameter, 
a 20 c.mni. blood pipet, and a black rack in which the tubes fit against a 
white ground glass background. In the procedure, place 0.1 N hydro- 
chloric acid in the graduated tube up to the mark 10. Add 20 c.mro. of 
blood and rinse the pipet well. Let this stand ten minutes. Then place 
the graduated tube in the rack and add the diluting fluid drop by drop, 
with careful mixing. When the colors match, read grams and per cent 
directly from the tube wall at the upper level of the hemoglobin solution. 
In the Sahli method 17.3 gm. of hemoglobin per 100 cc. is considered as 
100 per cent. 

Many other acid hematin methods are in use. The Newcomer method 
compares the acid hematin solution against a brown glass disc in a color- 
imeter of Duboscq type (100 per cent considered 16.92 gm.). Using the 
Ilellige-Wintrobe apparatus, blood is diluted 1:100 with decinormal 
hydrochloric acid in a red cell pipet. This fluid is compared in a cell with a 
calibrated wedge of brown glass. In the Haden-Hausser instrument the 
dilution is similar but comparison is against a series of brown glass stand- 
ards. Objections are that brown is hard to match, that brown standards 
arc variable in their manufacture and deteriorate, that substances in the 
plasma may add color, and that the color of acid hematin gradually in- 
creases in intensity. After ten minutes, only 90 to 95 per cent of the final 
color is obtained. 

3. Alkaline Hematin Methods,— Decinormal sodium hydroxide may be 
used to dilute whole blood 1 : 100. The color is permanent but hard to 
match except photometrically, using a green filter (Wratten 74) and 
calibrating against an independent standard ( e . g., 0 2 capacity). A photo- 
electric cell may be used. If the solution is held in boiling water for five 
minutes all hemoglobin compounds, including sulfhemoglobin, are turned 
into alkaline hematin. This is the principle of the Sheard-Sanford pho- 
telomctcr. 

4. Caiboxyhemoglobin Method (Haldane method).— The color is good and 
carboxyhcinoglobin is one of the most stable of known hemoglobin com- 
pounds. This method measures hemoglobin, oxyhemoglobin and car- 
boxylicinoglobin of blood. If blood is first reduced with sodium thio- 
cyanate, it also measures methemoglobin. Twenty c.mm. of blood are 
treated with carbon monoxide (coal gas) and diluted with a solution of 
0.1 cc. of strong ammonia water in 100 cc. of water until the color matches 
the standard solution. Standard tubes are prepared as follows (Donaldson, 
1 larding, Wright) : Take 2 cc. of fresh fasting normal blood. Dilute 1 : 100 
with distilled water. Place in a glass-stoppered 500-cc. bottle and gas well 
with carbon monoxide from the reaction of sulfuric acid with formic acid. 
Has again in a few- hours to remove other gases. Stopper tightly and 
refrigerate for tw o to three weeks. A precipitate w ill form. Take 2 cc. of 
the clear supernatant fluid, again gas thoroughly and seal immediately. 
Ihese standards should last for several years. The colors are easier to 
match \uually than those of other hemoglobin compounds, and spectre- 
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SSSSC?saS^i^^ , 2S^^ 

same time. M ,. hoJ fqtadie) -Hemoglobin, oxyhemoglobin, 

methemoglobin. W™- flast Add water to 

k“ P W,e Add about 5 cc. of a solution of 0 3 gin of potassium ferri- 
potassium cyanide WjJ -J* 

Use a Duboscq colorimeter 

‘ ( ,ion 530 m M ). Adjust fflum- 

•^Ln't^neveiTfield' Place the solution in one cup. Then match 
gainst a standard that decreases light (e.g., monel metal mesh, screemiigj 
Urk class disc) The standard must have been previously calibrate! 
agaLt a cyanmethemoglobin solution whose hemoglobin equivalent is 
known by a concurrent oxygen capacity determination. 1 his method is of 
course far simpler with spectrophotometnc methods Caution must U 

^252^ is a supravital staining technic which 
indicates erythrocyte regeneration. A clean slide is smeared with a few 
drops of 1 per cent alcoholic solution of brilliant cresyl blue, and then 
dried A wet film preparation of fresh blood is made and let stand for ten 
minutes Under oil, 1000 cells are counted and those containing bluish 
strands of reticulum noted. Thinner preparations are easier to count. 

.. . placed in saline at various 

’ ~ ^ • : lysis are an index of fragility. 

This is probably mainly an index of cell shape, the more spherical forms 

^Thcnt-no series of 15 test tubes or Kahn tubes, chemically clean. Num- 
ber each series 1 to 15. Prepare a 1 per cent solution of sodium chloride in 
distilled water. The first tube of the set of 15 receives 0.G cc. of the 1 per 
cent saline, and the others amounts increasing by 0.04 cc. over the amount 
in the preceding tube; thus, the last receives 1.16 cc. Distilled water is 
added to make the volume in each tube 2 cc., which gives a series of salt 
concentrations ranging from 0.30 to 0.58 per cent by increments of 0.02 per 
cent. Obtain blood from the patient by venepuncture and immediately 
add 1 drop to each tube in one series. Repeat for the other series of tubes 
with blood from a normal control. Shake all tubes and let stand for two 
hours at room temperature. To read the test the highest concentration of 
saline showing any red or pink in the supernatant is recorded as beginning 
hemolysis; the highest concentration showing no cells is recorded as com- 
plete hemolysis. The concurrent control must be reported at the same 
time. Abnormal fragility is indicated by hemolysis beginning at a con- 
centration greater than 0.44 per cent, and by complete hemolysis at greater 
than 0.34 per cent. Toikilocytes show increased resistance to hemolysis, 
and spherocytes decreased resistance. 

V. Indices and Mean Values.— Mean values and indices refer to the 
mean red cell or total erythrocyte characteristics and are of great clinical 
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I'lt* 1 lleticu'iocy tea Jrom caso o! hereditary hemolytic jaundice Supravital staining 
■with brilliant crosy l blue. (a) Counter-stained with Wright's stain (6) \\ ithout counter- 

Fio 2 — Erytlnocyte and blood platelets from normal blood 

Flo. 3 — Monocyte, normal blood 

lie. 4- Lymphocytes, a~d from normal blood; e-a from acute lymphatic leukemia (a) 
Microhmphocy te. (b, e) Mesolymphocy tes. (</) Macrolymphocvte. (<>, /, a) Immature 
ly mphocy tes 

Ik, 5 — Normoblasts, (if) Kary orrhexis. (/) Jolly 1 Hid y 

Flo. 0 — Megaloblasts from pernicious anemia 

Flo. 7 — Eosinophils leukocytes, (a) Myelocyte with some dark granules (b) Mature 
i ell from normal blood 

I’lo. S — Ilasophile leukocytes (mast leukocytes), (a) Myelocyte (6) Matin o cell 

Vic. ft — De\elopmcnt < ' ’ ■ 

From mytlugcnous leuke N 

Kianules (b) Leukoblast 
ey te. (d Myelocy te. (J 

Fig 10 — Atypical cells from subacute my cloccnous leukemia, (n) Itieder cell, (b) Young 
ncutiophilc de\ rlojied from a cell similar to (a) 


(From Bril’* TcrlbooX oj PaihiJwjy 
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value. They should not be computed unless they are derived from accurate 
data, all determined at the same time, or errors may be compounded. 
Allowance should be made for physiological variations, especially those 
associated with altitude. The indices are based on arbitrary normals of 
red blood count 5,000,000, hematocrit -13.2, and hemoglobin 14.5 gm. 

1. Volume.— 


Volume Index - 


Hematocrit X 23 
RBC in millions per c mm 


Mean Corpuscular Volurao «■ 

2. Corpuscle Thickness. — 

Mean Corpuscular Thickness 

3. Hemoglobin.— 

Color Index 


Hematocrit X 10 


cubic microns 


ItBC in millions per c mm. 


Mean corpuscular \ olumo 
3I4X radius 1 r 


Hb (gm / 100 cc X G 9) 


IUJC in millions per c mm. X 20 


Mean Corpuscular Hemoglobin 


Hb (gm /100 cc ) X 10 
HUG n.,U»n. M r . S? 


Saturation Index 


Hb (pa /100 cc X G 9) 
Hematocrit X 2 3 


Mean Corpuscular Hemoglobin Concentration 


Hb (gm/lOOce) X 100 

Hematocrit *** fcnt 


Uic Mean Corpuscular Hemoglobin Concentration is not known to exceed 
a saturation of 3G per cent. Hence, higher computed values show error in 
Hemoglobin or hematocrit determination. This is a convenient check and 
CHn a source of correction of methods by calculation. 

h Nonnal Values for Red Blood Cells, in Adults (after W’introbc).— 


Females . 
Males 


(In ill. on*) 

. 4 R-0 G 
5 4-0 R 


IPmoilotin 
<*m IU)ec> 
II 0-2 O 
10 0*2 O 


ll'roitucrit 
42 0-5 0 
17 0-7 O 


r • Blood Cell Count.— 'Hie materials art* the sum* us for the 

»roc>tc count except for the diluting fluid and thepipet- Thclluid is a 
tf*W v, hilion of glacial uci tic acid in dhtilled watir. This may t»c 
fr i i Kvtuian \iolit for identification, dilutions should be 

, r [j“ * I ir Murt*! every two wicks. The pijn t has a Miiallcr bulb than the 
«•»*, n^!' a }*'^ , u ' Hally contains a small white Inad. 'Hie fifth line on the 
tul« is marked 0.5, the tenth 1.0 and aln.vc the bulb 11. In the 
i h drawn from a lirgc drop to the 0 5 mark, the tip 
^ diluting ilui.1 mm.cdutrly added to the mark 1 1, with slight 
' i* 4 'I1.cn 'hake, di*<anl 3 or 1 dn>pi, and fill the 

4 ** r i;u <d«cr. • Allow tin:" cclU 0* arid •ctamir.tr under the low 
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power of the microscope. The white cells are counted in the four large 
corner squares (each 1 sq. mm. in area) in Figure 9. The maximum 
\ariation in the count of these squares should not exceed 25 per cent. 
Multiply the total number of cells in the four large squares by 50. This is 
the count per c.mm. Normal count is between 5000 and 10,000. 

A lower count than 5000 is called leukopenia. A count higher than 
10,000 (leukocytosis) is sometimes physiological. Counts in infants may 
range from S000 to 20,000 in the absence of disease, especially in the first 
days of life. Strenuous exercise may give counts up to 30,000 with increase 
maml> 

There ’ ■ I . . 

measle-, r _, „ ' . .... 

comparative work, values should be determined under similar or basal 
conditions. The corrections of errors mentioned in the red count are 
applicable to this procedure. 

VII. Platelets.— Blood platelets, or thrombocytes, are colorless, rounded, 
refractile bodies usually 2 to 4 microns in diameter. With ordinary staining 
methods, azure granules in hyaline light blue cytoplasm are seen. In 
active marrow regeneration, much larger forms are seen, and in films they 
readily deteriorate to form odd shapes that may be confused with parasites. 
Because of their fragility and tendency to agglutinate and to adhere to 
surfaces, an accurate count is most difficult. 

1. Indirect Count.— This is made from the stained blood film by com- 
paring the number of platelets with the already determined number of 
erythrocytes. The normal count is 200,000 to 300,000 per c mm. A 
bleeding tendency may be assumed with counts under 50,000. This 
method is only roughly accurate. 

2. Direct Count. — Use the hemacytometer previously described. Work 
rapidly. 

Diluting fluid (Wright & Kinnicutt): Platelets appear lilac, the red cells 
are decolorized and the white cells are stained. 

Aqueous solution brilliant eresyl blue (1 :300)— 2 parts. 

Aqueous solution potassium cyanide (1:1400)— 3 parts. 

Keep in separate bottles. Mix and filter just before using. Cresyl blue 
solution is permanent, but may become contaminated with mold growth. 
The cyanide solution deteriorates in about ten days. 

Procedure.— Draw diluting fluid to mark 1 on the erythrocyte pipet. 
Then draw blood from a fresh, freely bleeding puncture to the 0.5 mark 
and then diluting fluid to 101. The dilution is 1:200. Immediately mix 
by shaking for two minutes. Pill the chamber at once. Allow settling for 
ten minutes, then count. Always run a normal control with the same 
fluid. The values are lower than by the indirect count. 

THE BLOOD FILM 

In expert hands this is the most valuable part of the blood examination. 
Films should be prepared as described earlier. Its routine application is 
the ordinary differential count for leukocytes. Further value depends op 
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the training and experience of the observer. Descriptions of the cells are 
here held to a mintamm and the reader is referred to the colored plate of 

th I b K0°uthi1 lS bi2erential Count-Using the oil immersion lens on a 
properly made, veil-stained film, the field is scanned from one border of 
the slide to the other and all intact cells are tabulated The report states 
the total number of cells counted and the percentages of eacli (eosinophils, 
basophils, neutrophils, lymphocytes, monocytes, and others). One may 
report tl>; absolute numher of each type of cell per c.inm. computed from 
the white blood count. The high dry power is not satisfactory for the count. 
A minimum of 200 cells should be counted. 

Normal adult values are as follows: 


Myelocytes ■ • • • • 

Neutrophilic metamyelocyto 
Neutrophil . . • 

Eosinophil . . . . 

Basophil 

Lymphocyte • • 

Monocyte . 


0 

3- 5 
5M52 
1- 4 
0- I 
25-33 
3- 7 


From tlic neonatal period to age four or five years there are usually more 
lymphocytes than neutrophils. In general a lymphocytosis under 40 per 

cent is considered within normal limits. 

II Blood Cell Development.- I here are many theories of blood ceil 
development, well reflected in the confusion of nomenclature. In general 
it is accepted that some cells (myeloid) are derived from the bone marrow, 
others from the lymphatic tissues and perhaps others from the supporting 

tissues of the hotly. „ . T , . 

The myeloblast is considered the stem cell of the marrow. I- allowing 
the colored plate, the granulocytes (eosinophil, basophil or mast leukocyte, 
and neutrophil) dc\c!op in the order leukoblast, promyelocyte, myelocyte, 
metamyelocyte, and adult form, by a process of gradual transformation. 
The band form of the neutrophil is the stage occurring just prior to segmen- 
tation of the nucleus. Normal granulocyte regeneration is mainly at the 
myelocyte level. A giant multinuclcatcd cell, also derived originally from 
the myeloblast, fragments its cytoplasm to form the blood platelets, 
according to the usual view. The erythrocyte normally regenerates at the 
normoblast level and passes through a scries of cytoplasmic color changes 
(basophilic, polyehromatoplrilic, normochromic) accompanied by pyknosis 
ami fragmentation of its nucleus. Lymphocytes arise from other tissue 
lymphocytes, mainly in the lymph nodes and the spleen but also in the 
bone marrow itself. Monocyte origin is unsettled. Many feel that these 
cells may ha\ c my cloid, ly rnphoid, or reticulum cell origin. 

Ordinarily with rapid Joss or great demand, those cells appear in the 
peripheral blood in more immature forms. This is a physiological response. 

111. Blood Film Study.— The blood film should always be examined 
systematically. A low-pow cr \ few checks the adequacy of the preparation 
and also gi\ es an estimate of the numtar of white blood cells. A high dry 
glance may be used for a rough differential, counting mononuclears and 
jk>1s niurphonuth-ars. The oil immersion lens should be Used for cytologic 
study U is a good rule to be sy s lunatic and examine all elements, red and 
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white cells, ami platelets, in ever}’ case, and not to focus attention on one 
blood element to the exclusion of the others. Ordinarily the report should 
be descriptive and one is wise to avoid didacticism. If the case warrants 
further study, the quantitatixe data derived from the other procedures in 
the chapter 'may be determined. The following paragraphs briefly discuss 
cell morphology and related disease. 

1 . Erythrocyte Morphology.—' The obsen ations are ordinarily made on the 
stained film but for reliability may be repeated on the wet film. The 
normal cell is a biconcave disc, 1.9 to 2.1 fi thick. The axerage diameter is 
7.5 n. Measurements are most accurately made in a wet film preparation 
with an eyepiece micrometer, although for practical purposes the stained 
film is satisfactory’. A Price-Joncs curve is a graph to show the number of 
erythrocytes of different diameters. The occurrence of multiple peaks is 
indication of more than one red cell generation, as in pernicious anemia. 
Small cells are called microcytes, large cells macrocytes, while those of 
normal size are called normocytes. Variation in size is called anisocytosis. 
Increase in staining property (hypcrchromasia) and decrease (hypo- 
chromasia) are related to the size and shape of the cell as well as to the 
hemoglobin content. Nucleated red cells, as well as bluish basophilia and 
bluish red polychromatophilia, arc signs of immaturity. Basophilic 
stippling (common in lead poisoning) and nuclear fragments are commonly 
seen in pathological regeneration. 

There may be marked x'ariation in shape. If bizarre irregular forms 
occur it is called poikilocytosis. In hemolytic anemias, particularly 
familial hemolytic jaundice, many of the cells may be rounded (spherocy- 
tosis). In ovalocytosis, elliptical cells are seen. This is a familial trait and 
not a sign of disease. Seven to 8 per cent of negroes have the sickling trait 
in which the sealed wet film on standing for several hours develops crescent 
shaped red cells (sickle cells). Similar cells are found in the ordinary blood 
films of negroes with sickle cell anemia. The sickling trait alone is not 
diagnostic. 

A morphological description of anemia is frequently of value. The 
erythrocyte picture is described as normocytic, macrocytic or microcytic, 
qualifying each term with normochromic, hyperchromic or hypochromic. 
Normochromic anemias are seen after acute hemorrhage and in hemolytic 
and aplastic anemias. Macrocytic anemias are usually of the pernicious 
anemia type, although they may result from intense bone marrow stimula- 
tion. Microcytic anemias, when of the normochromic form, are common in 
chronic diseases, and when of the hypochromic form, are commonly the 
result of iron deficiency. 

The so-called pernicious anemia picture shows a macrocytic, apparently 
hyperchromic anemia in the more severe cases with megaloblasts (a nucle- 
ated red cell whose chromatin pattern is more open and delicate than that 
of the normoblast, and whose nuclear involution appears to be delayed 
later than in corresponding stages of the normoblast) and large hyper- 
segmented neutrophils with cytoplasmic granulation more reddish than 
normal. 

Polycythemia refers to an increase of the number of the red cells per 
c mm. This may be a normal response but in the chronic disease of 
polycy themia vera it is abnormal, amounting usually to 7 to 10 million, 
with resultant symptoms. 
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2. Leukocyte Morphology.— Nucleated cells should be closely studied. 
Note cytoplasm for color, vacuoles, delicate azure granules, or specific 
granules. The nucleus is probably die more important part of the cell to 
observe. Always study the chromatin pattern for classification. The 
more immature cells generally have a more delicate nuclear pattern. 
Nucleoli are signs of immaturity and cells showing them are frequently 
called “blast” cells. • 

The neutrophil is the characteristic cell of the human species, toxic 
effects are seen in shrinking and condensation of the nucleus with darker 
staining cytoplasmic granules. . ,. A 

The Schilling classification of polymorphonuclear leukocytes is a mo - 
cation of the Arneth count in which the cells are graded according to the 
number of lobes of the nucleus. The neutrophils in the Schilling count are 
divided into four classes: the myelocytes, juveniles, bands, and segmenters. 

An increase in band forms is the basis of the Schilling count and repre- 
sents a regenerative “shift to the left.” Similarly a hypersegmentation in 
the neutrophils with few younger forms is considered a sign of excessive 
maturity and is called a “shift to the right.” In occasional cases the 
immaturity extends to myelocytes. A “leukemoid” picture is one in whic 1 
the shift is far to the left with promyelocytes and even younger forms. 
This usually occurs with a leukocytosis and may resemble a myeloid 
leukemia, but it is not leukemic. A marked suppression of granulocytes is 
termed agranulocytosis. . „ 

The eosinophil is characterized by uniform large red granules, lhis cell 
is quite fragile and is frequently fragmented in a slowly dried film. 

The basophil granules are water soluble, and when dissolved may leave 
"hat appear to be vacuoles in the cytoplasm. 

Lymphocytes are of various appearances and sizes which need not be 
reported. Leukemia should be considered in the differential diagnosis if all 
cells seen are lymphocytes. In the large forms nucleoli may be vaguely 
outlined. As a whole the nuclear pattern appears relatively homogeneous 


of tlie nucleus, with a more delicate nuclear pattern. The plasma cell has 
a deep blue cytoplasm with eccentric round nucleus containing wedges of 
coarse chromatin. 

Leukemia is generally characterized by a high white count, and immature 
and atypical cells, in which cytoplasm and nucleus do not mature at the 
same rate. The Iticdcr cell has an immature nucleus, which is undergoing 
segmentation. Myelogenous leukemia is accompanied by a hyperplastic 
l»one marrow and, in the chronic form, a peripheral white count of roughly 
100,000 to 400,000. The leukocytes are mainly at the mj elocyte level with 
myeloblasts increasing late in the disease. Nucleated red cells and in- 
creased numbers of basophils usually are present. There is a late secondary 
anemia. Acute myelogenous leukemia ordinarily shows a white cell count 
J'f 10,000 to 100, (XX). The cells ure mainly near the myeloblast level. 
Uicsc cells are not always peroxidase positive. There Is usually an asso- 
ciated acute anemia. 

Lymphatic leukemia is generally accompanied by a hyperplasia of the 
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lymphoid tissues. In the chronic form the count averages lOO/XXh of 
which over 90 per cent are lymphocytes, generally showing nuclear im- 
maturity. The anemia usually appears late in the course of the disease. 

Monocytic leukemia is relatively uncommon. It appears to be either 
lymphoid or myeloid in origin. The immature cells in a case of leukemia 
are sometimes so primitive they cannot be classified. These are generally 
termed “stem cell leukemias.” So-called aleukemic leukemia is almost 
always of the lymphatic type. In tills variety of leukemia the total count 
is almost normal but careful study of the lymphocytes usually shows 
immaturity. 

3. Platelet Morphology.— Platelets are difficult to study because of their 
small size. From experience one should know whether they are increased 
in number, about normal or decreased. Abnormal forms, such as giant 
masses are pathological. Platelets normally increase after hemorrhage and 
operations. 

Thrombocytopenic purpura in the acthc stages is characterized by a 
low platelet count, usually under 50,000 per c.mm. The bleeding time is 


tion time over five times normal, although the clot appears normal. The 
platelets appear normal in structure and number. The prothrombin time 
is usually much prolonged. 

BONE MARROW 


Bone marrow may be obtained by a biopsy, with excision of a piece of 
bone, which is then decalcified and treated as a surgical specimen, or more 
simply by aspiration of the sternum. The former method requires relatively 
radical surgical procedure with discomfort to the patient; when done 
imprints or streaks of the fresh marrow are made on slides for detailed 
study. In the aspiration method, after local anesthetic infiltration of skin 
and periosteum, either a special or improvised needle (18-gauge spinal 
puncture needle, with trocar) is passed into the sternum, and by suction 
on a syringe, 1 or 2 cc. of marrow aspirated. This method is simple, not 
particularly painful, and not dangerous. It has the disadvantage that the 
marrow may be diluted with sinusoidal blood. 


After aspiration, the marrow in the syringe is mixed with heparin or a 
proper anticoagulant in a paraffin coated container. Films are made 
from the drop remaining in the syringe, from the marrow, which is best 
diluted with an equal volume of supernatant plasma, and from the huffy 
coat of the centrifugalized specimen. 

The centrifugation is done in the same manner as the hematocrit de- 
termination and the results are reported in detail. The report should 
ihclude volume of marrow, packed cell volume, both as total and as per- 
centage, the bottom red cell layer, the middle gray buffy coat of nucleated 
red cells and leukocytes, and the amount of fat. A differential count of 
500 or 1000 cells is made from the film. 

The principal value of an examination of the bone marrow, apart from 
indicating hypoplasia or hypoplasia, is found in a study of the film, show- 
ing as it does, any variations in the development of the different types of 
Cells. The findings generally supplement the blood findings and must be 
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interpreted with reserve. The following table gives the approximate 
average normals of distribution, with normal maxima in parentheses. 

Table 9.— Nobmal Distribution o t Cells in Bone Mabkow 


Cell Per cent 

Myeloblast - ... ... 1 

Leukoblast 2 

Promyelocyte . . 4 (8) 

Myelocyte . . . ... 10 (20) 

Metamyelocyte (neutrophilic) ... 25 (35) 

Neutrophil . ....... 20 (30) 

Eosinophil (all types) . . 3 (8) 

Basophil (all types) . . ... 1 

Lymphocytes . . ... .10 (20) 

Monocytes .... .... 1 (5) 

Pronormobtests . . . . ' . . 1 

Normoblasts . 22 (35) 


In addition other cells such as plasma cells, reticulum cells, and a few 
megakaryocytes, will be found. The normal volume of nucleated cells is 
6 to 8 per cent. Normal myeloid-erythroid ratio ranges from 1.75:1 to 
3.75:1. 
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HUMAN BLOOD GROUPS AND TRANSFUSION 


By A. James French 

Army Regulations provide for the determination of blood groups of all 
enlisted and officer personnel as soon as possible after they have entered 
military sendee. The blood group is stamped upon the individual’s identi- 
fication tag so that in an emergency no time will be lost in regrouping, 
should the individual need a transfusion or if he is needed as a donor. 
Cross-matching prior to actual transfusion is indicated and done except in 
an extreme emergency. 

The mass blood grouping of the present war-time Army has required 
larger quantities of grouping sera than are ordinarily needed and therefore 
dried rabbit sera of high titer have been developed and utilized in the 
present military program. 

Satisfactory grouping sera w ill be of adequate titer to result in prompt 
agglutination of added corpuscles within thirty to sixty seconds. Proper 
attention to high titer of grouping sera will result in detecting subgroups 
At, Aj, etc., and thereby avoid reactions as indicated by Davidsohn. 1 


HUMAN BLOOD GROUPS 


I. Classification.— The International classification of blood groups has 
been accepted by the National Research Council and by the Army as the 
standard method. This obviates errors which may result from trans- 
position of figures in the Moss and Jansky systems. The letters used 
indicate the presence or absence in the blood cells of isohemagglutinogens 
A and B. Inasmuch as neither A nor B agglutinogen is present in group 
"O,” this type is properly referred to as “zero.” Usage, however, has 
resulted in reference usually being made to the letter “O.” The following 
table compares the above systems: 


Table 10 — Comparatn e Tzhuixologt of Blood Gbqcfb 
.mitionil M«, t.-i- Occurrence, 


A .... II II 40 

B III III 7 

AB . I IV 10 

II Grouping Sera - I Preparation ol Sera.-Dried rabbit sera are pre- 
pared commerciaUy by the immunization of rabbits against known group 
A and B human sera. The anti-A and anti-B rabbit sera thus produced 
are of higher titers than those found in ordinary pooled human sera and 
are stable when dried and kept in sealed containers. 

Human grouping sera are obtained from known groups A and B indi- 
s ‘duals, loung healthy donors should be selected, as blood from such 
individuals normally has a greater agglutinating potency than that of 
young children or donors beyond middle age. The groups A and B bloods 
are collected separately to avoid error. The blood is collected under 
aseptic conditions, allowed to clot and the serum transferred to sterile 
containers. It is preferable to store the serum in small amounts in sealed 
( 120 ) 
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ampules at 7° C., to avoid contamination of large amounts of serum in 
single containers. The use of preservatives has been advocated but they 
are not essential. These include phenol, acrifiavine, brilliant green and 
merthiolate. The added advantage of coloring types A and B sera by the 
use of different colored preservatives may be desirable. 

To lyophilize serum requires expensive bulky equipment and this pre- 
cludes local preparation in most Army laboratories. 

2. Titration of Sera.— In order to detect subgroups and to insure the 
accurate grouping of individuals with other groups of low agglutinogen 
content, the grouping sera must contain sufficient agglutinogen to agglu- 
tinate rapidly the red blood cells of the individual being grouped. The 
titer of a serum is frequently expressed as the reciprocal of the highest 
dilution of the serum at which agglutination occurs. For example, if 
agglutination is not present above a dilution of 1/4 0, after standing at 
room temperature for two hours, the titer is expressed as 40. Sera of 
potency less than a titer of 40 are usually not satisfactory. 

III. Determination of Human Blood Groups.— The slide method is the 
most convenient and the one usually employed in the determination of 
blood groups. A plane glass slide is divided in halves by a wax pencil. 
Hollow ground slides may be Used when small numbers of groupings are 
to be performed. In either event a ring of vaseline about the area which 
1 11 " J . ^events rapid drying of 
<ed “A” and the right, 

- -j>-- — . ‘ . oe reversed in handling. 

A suspension of red blood cells is prepared by adding 1 drop of blood to a 
"test tube containing 2 cc. of physiologic salt solution. The subsequent 
technic will vary depending upon the type of grouping serum used. 

1. Procedure with Babbit Anti-serum.— If rabbit anti-serum is used, a 
drop of tlie cell suspension of the individual to be grouped is placed upon 
either side of the divided glass slide. A small amount of powdered anti-A 
rabbit serum on the end of a toothpick is added to the cell suspension on 
the left or “A” side of the slide and mixed. A similar amount of powdered 
anti-B rabbit serum is added to the cell suspension on the right or “B” side 
of the slide and mixed. The reactions which occur using such rabbit 
grouping sera are: 

■A or anti-B serum 

, ‘ '■ - serum 

. serum 

— - “o ■ . ■ and anti-B rabbit 

serum 

2. Procedures with Human Grouping Sera.— If human grouping sera are 
used, a drop of A serum is placed on the left side of the clean glass slide and 
a drop of B scrum on the right side. A drop of tlie red blood cell sus- 
pension of tlie individual being grouped is mixed with the group A human 

rop of the blood with 
. Care must be taken 

p.*' ~ * ;•' — xtures. The reactions 

winch occur using human grouping sera are: 


A or B serum 
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The titer of either the rabbit or human serum must be high enough to 
cause agglutination of the red cells within one minute. Agglutination 
should be complete in five minutes’ time, but thirty minutes should elapse 
before a final recording is made. Agglutination can be differentiated from 
rouleaux formation by agitation of the slide to break up rouleaux. Agita- 
tion hastens agglutination. 

IV. Other Agglutinogens.— In addition to the four main groups of 
agglutinogens 0, A, B, and AB, in human blood, there exist agglutinogens 
A|, A 2 , and M and N. The finding that absorption of group B serum with 
the group A cells of certain individuals failed to remove agglutinins for the 
cells of certain other group A individuals lead to the description of the 
Ai and A 2 sub-groups of group A. These subgroups, found also in group 
AB persons, are sometimes of value in medico-legal cases, and are also the 
basis of some transfusion reactions. 

M and N agglutinogens were established when Landsteiner and Levine 1 
found that certain sera from rabbits immunized against human blood 
contained agglutinins in addition to anti-A and anti-B agglutinins. Three 
distinct types of human blood occur depending upon the occurrence of 
M or N or both M and N agglutinogens. The agglutinogens M and N are 
unrelated to A and B agglutinogens as the distribution of M, N or MN 
types of human blood is the same in each of the four blood groups. A 
later reference will indicate the application of the M and N agglutinogens 
to medico-legal cases. 

V. Cross-matching Donors for Transfusion.— The selection of donors 
for transfusion requires matching the corpuscles and serum of the donor 
and recipient against each other. A drop of blood from the finger or ear ' 
of the recipient is placed in a small test tube containing 2 cc. of physiologic 
salt solution, and enough blood taken by venepuncture to yield some 
serum. Similar preparations are made from each prospective donor, all 
being appropriately labeled. Cross-matchings are set up separately for 
the recipient’s cells mixed with each donor’s serum and also for each 
donor’s cells with the recipient’s serum. Thus, if there are three prospective 
donors, 6 mixtures of serum and cells are prepared. 

More in detail, the technic is as follows: A glass slide is divided into 
right and left halves with a wax pencil. The left half is marked “DS” 
(donor’s serum) and the right is marked “RS” (recipient’s serum)- A 
drop of the donor’s serum is placed in a vaseline ring on the left side of the 
slide and a drop of the recipient’s serum is placed on the right side of 
the slide. A drop of recipient’s cells is placed in the donor’s serum and 
a drop of donor’s cells is added to the recipient’s serum. The slides are 
kept at room temperature and examined every few minutes for agglutina- 
tion. Periodic agitation of the slides tends to break up rouleaux formation 
and accelerate agglutination. Clumping usually occurs within a few 
minutes but thirty minutes should elapse before the final reading is re- 
corded. Macroscopic and microscopic reading of slides for agglutination 
are recommended, depending upon the degree of agglutination, and the 
experience of the technician. Any prospective donor whose* cells are 
agglutinated by the recipient’s serum or whose serum agglutinates the 
recipient’s cells is ordinarily rejected if a more suitable donor is available. 
Agglutination of donor’s cells by recipient’s serum is of more importance 
than the reverse situation, so that, in case of necessity. Group O donors 
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may be used for recipients of other groups. Provided that the rate of 
injection of the transfused blood is very slow, the agglutinin present in 
the donor’s serum ordinarily will be diluted enough by the recipient’s 
scrum to preclude agglutination of the recipient’s cells by the donor s 
serum. 

The test tube method of blood grouping and cross-matching has been 
advocated as superior to the slide method but the claimed advantages are 
not considered sufficient to warrant its adoption as the routine Army 
method for mass grouping and cross-matching. 

VI. Medico-Legal Application of Blood Groups.— Inasmuch as blood 
cell agglutinogens are inherited in accordance with the Mendelian Law, 
considerable medico-legal significance has been attributed to blood groups. 

Only negative information is obtainable, however, as a child's cells will 
not contain agglutinogens not present in the blood cells of one or the other 
of the parents. Inasmuch as A and B agglutinogens are inherited as 
dominant characteristics, no child will exhibit agglutinogens not present in 
tiie cells of one of the parents, but it does not follow that all of the agglutin- 
ogens present in the cells of the parents will appear in the blood cells of 
the offspring. The M and N agglutinogens behave similarly, and are 
therefore of similar significance, as described by Wiener. 8 

Blood groups are also of value in the identification of blood stains in 
medico-legal and other cases. In paternity cases, only the absence of 
agglutinogens in the blood of the accused can be submitted as evidence. 

VII. The Rh Factor in Human Blood.— The search for additional 
agglutinogens in human blood led to the discovery of the Rh factor by 
Landsteincr and Wiener 4 as a result of immunizing rhesus monkeys with 
human blood. The designation Rh was selected to indicate rhesus monkeys 
as the source of the substance. The blood of about S5 per cent of all white 
individuals contains an agglutinable factor with the Rh substance produced 
in rhesus monkeys. This factor in human blood may be of significance 
when patients receive repeated transfusions. If an Rh negative recipient 
receives Rh positive blood, he may become sensitized to the Rh factor by 
repeated transfusions and may exhibit a severe hemolytic reaction, when 
transfused again. Rh negative donors must be selected to transfuse such 
persons safely. The blood of mothers of some infants with erythroblastosis 
fetalis contains the Rh agglutinin. 

The technic and interpretation of the method of typing for the Rh factor 
lias been described bv Landsteincr and Wiener.* The Rh factor should be 
cDUMih-red when hemolytic reactions, otherwise unexplainable, occur in 
individuals receiving repeated transfusions. When due to Rh agglutina- 
tion, the first such reaction is usually mild but the severity increases fol- 
lowing subsequent transfusions. It is not believed that such reactions will 
constitute a serious military problem. 
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For details concerning the preparation and standardization of Kahn 
antigen see “The Kahn Test, A Practical Guide,” by R. L. Kahn, Williams 
& Wilkins Company, Baltimore, 1928. 

2. Saline Solution-—' This solution consists of 0.9 per cent sodium chloride 
in distilled water. The sodium chloride must be chemically pure and the 
solution filtered before being used. The sodium chloride should be dry 
before weighing. It may be expedient to neigh out 4.5 gm. or 9 gm. of 
thoroughly dried sodium chloride into individual test tubes and then dis- 
solve the contents in 500 cc. or 1000 cc. quantities of distilled water, 
respectively, just before use. 

3. Serum.— Separate serum from the clot by centrifugation. Care must 
be exercised to insure complete removal of blood cells. These particles 
might give the impression of a precipitate in the completed test. The test 
is not affected by sera showing some hemolysis or bile, but those showing 
marked hemolysis, bacterial contamination or chyle are not suitable for 
testing. Specific directions for the collection and preparation of specimens 
for serologic examination will be discussed elsewhere in this book. 

The serum, after it has been heated for half an hour at 56° C., is exam- 
ined for the presence of particles. If present, the serum is cleared by 
recentrifugation. 

4. Spinal Fluids.— Spinal fluid is centrifugalized to render it free from 
cells and foreign particles. 

Ill- Standard Test with Serum.- 1. Preparation ot Standard Antigen Sus- 
pension.— This suspension is prepared uben the sera are taken from the 
56° C. water bath. Antigen is mixed with salt solution according to the 
required titer. Thus, if the titer is 1 cc. antigen plus 1.2 cc. physiologic 
salt solution, the antigen is mixed as follows: (1) 1.2 cc. salt solution are 
measured into a chemically dean and dry standard antigen suspension 
vial; (2) 1 cc. antigen is measured with a chemically clean and dry pipet 
into a similar vial; (3) the salt solution is poured into the antigen, and as 
rapidly as possible, w ithout waiting to drain the \ ial, the mixture is poured 
back and forth six times to insure thorough mixing; (4) the antigen sus- 
pension is allowed to stand for ten minutes before using. The suspension 
must be used within thirty minutes from the time of mixing. An old 
antigen suspension is not to be mixed with a newly prepared suspension 

More than 1 cc. of antigen may be mixed with a proportionately larger 
amount of salt solution. Thus, in case of an antigen with the above titer 
2 cc. may be mixed with 2.4 cc. salt solution and 2.5 cc. with 3 cc salt 
solution. Do not use amounts of antigen less than 1 cc. or more than 2.5 cc. 
for the preparation of an antigen suspension. 


2. Meisunne Anujen Suspenston.- After standing ten minutes tie 
antigen suspension is shaken well, and distributed into 3 tubes for each 
serum to be test«), m amounts of 0.05, 0.025 and 0.0125 ec delivered to 
tie bottom of the tubes. The standard rack capacity b 30 tub^e 
0.0o cc. amounts are measured into the tubes of the first row, tie 0.025 cc 

SETS {utedS ? 116 ^ and ihe a0I2S “• —— in tie 


3. Measuring Seram. -The serum is added as soon as possible after the 
antigen suspension has been pipeted to avoid undue evaporation of the 
suspension. When examining large numbers of sera, it is w eUfor one worker 
to measure the antigen suspension and for another to follow with the 



STANDARD KAHN TEST 

■n l m SnftTipc amounts, is added to the 0.05, 0.025, and 
serum. Each ser y m « 1 “^ suspension, and the rack of tubes is shaken 
0.0125 cc. amounts ofantigen mbdng of the ingredients, 

vigorously for ten se® 0 ™ 3 , , , d f ” about fi ve to seven minutes 

f'.-SftttSS-- more than ten minutes) 
(preferably not less mechanical shaking for three minutes. 

“‘ftoS -Srt nplhree separate tests, one with a positive serum, one 
4. Controls. Bet P n employing salt solution instead of serum, 

with a negative serum! ^ these“ontrols should be pipeted immediately 
»« the tests; the serum of these 

mac "^“es . The machine oscillates 275 to 285 tunes per 

mi r t Ad(hte. a oI t Sdt 0 S<dutt^-After the threwninute shaking period, ‘ 
i " t colt cnlntion is added to each tube of the first row of the rack (con- 
tabling the 0.05 cc. amounts of antigen suspension) and 0.5 cc. salt solution 
to 7e remaining tubes. The rack is shaken by hand sufficiently to mix 

the i f Kahn flocculation test results 

f im,m ’ • .. , proper training, experience and 

lighting arrangements” are necessary. ' The use of magnification by means 
of “ microscope mirror may be of assistance. Beginners should read as 
many tests as are available in comparison with an experienced reader, 
S they can read correctly and with ease, before they assume the respon- 
sibility Of reading and reporting results to physicians. 

Uniformity In the reading of results will be greatly aided if all Ivahn 
tests are read with the aid of the concave surface of a microscope mirror 
and a constant source of light from a microscope lamp. A two- to three- 
fold magnification obtained by holding the tube 2 to 3 Indies above the 
mirror will give sufficient magnification, yet he low enough to avoid the 
visualization of non-specific particles in the negative tests. 

S. Interpretation ot Results. -1 lie following scheme for interpretation of 
Kalin results has been devised 
School, Army Medical Center, 
based on two readings of the lv 

lately after the addition or salt - , . 

minutes later, the racks remaining at room temperature during the interval. 
The final interpretation is based on the total number of pluses resulting 
from both readings, the plus-minus (*) reactions being disregarded, as 
follows: 

0 to 3 pluses. mcluw»» — Negative, t. g., *2; I 
4 to 12 pluw*. Ineluaiv* — Doubtful 
13 to -1 pluwvs. tneluwv e — PotiUv e 


U. final Report.— The final report to the clinician should be reported as 
negative, doubtful or positive, according to the alxnc scheme, but the 
actual tube readings should l>o recorded in tlie laboratory. 

Supplementary Teats. —An atypical type of precipitation reaction is 
met with ocui>ioiiaUy, in which precipitation is marked in the first tube 
(front row), and weak or negative in the second (middle row) or third 
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(back row) tube. In this instance, the serum generally is so rich in anti- 
body that it requires a relative excess of antigen suspension to give max- 
imum precipitation. When a reaction of this type is encountered, it is 
necessary to set up a supplementary test in which the amount of antigen 
suspension in relation to serum is increased beyond that employed in the 
standard test. A supplementary test is set up in which 2:1 and 1:1 pro- 
portions of serum to antigen suspension are used, thus: 

Tuba 1 Tube 2 

Antigen suspension, cc 0.025 0 025 

Serum, cc. 0.025 0.05 

Shake tests 3 minutes 

Salt solution, cc 0.3 0 3 

These two tubes, or at least Tube 2, should show definite flocculation, if 
the serum is strongly positive./ 

As an additional check on serums giving precipitation reactions in the 
first tube of the standard test and negative reactions in the remaining 
two tubes, a second supplementary test is made by setting up a partial 
quantitative test. Thus, dilute the serum 1:5, 1:10, and 1:20 with salt 
solution and examine each dilution with antigen suspension in a proportion 
of 15:1, in accordance with the following outline;/ 


Tube 1 Tube 2 Tube 3 

Antigen suspension, cc. . . 0 01 0 01 0 01 

Diluted serum, cc 0 15 0 15 0 15 

<i:S) (isio) (H20) 

Shake testa 3 minutes 

Salt solution, cc 05 05 05 


If one or more tubes show definite flocculation, the scrum should be 
considered positive. 

If these supplementary examinations do not show’ positive reactions, 
then the three-tube test which shows marked precipitation in the first 
tube and negative precipitation in the remaining two tubes must be con- 
sidered as giving a weak or doubtful reaction^ 

Rarely one finds that the three-tube tests show a borderline precipitate 
in each of the three tubes, such as =*=, =* ; +, — , or perhaps +-K 

++, ++. After ascertaining that these borderline reactions are not due 
to serum particles, the two supplementary tests described above are carried 
out. If these two tests show definite flocculation, the tests are reported as 
positive. . If the supplementary tests are also borderline or questionable, 
the reaction may be non-specific, due to conditions other than syphilis. 

QUANTITATIVE KAHN TEST 

Quantitative serological tests for syphilis yield information of value 
from a clinical standpoint only under special circumstances and should not 
be made routinely. A quantitative test is ordinarily significant only when 
considered in relationship to similar tests which have preceded it or which 
may be made at a later date. 

I. Procedure. — 1. Dilution ot Positive Serum with Salt Solution. — A series 
of serum dilutions with physiologic salt solution is prepared so that the 
ratio of the volume of diluted serum to the volume of serum before dilution 
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ranges from 5 (1 part serum plus 4 parts salt solution) to 60 (1 part serum 
plus 59 parts salt solution). The following scheme is employed : 

Dilution Dilution ratio 

No. 

( 1 ) . . . 1 » 0 2 cc. undiluted serum 

(2) 5 ■= 0 2 cc. undiluted + 0 8 cc. salt solution 

( 3 ) ] . . . . 10 » 0 7 co of (2) + 0 7 cc. salt solution 

( 4 ) . 20 =» 0 2 cc. of (3) + 0 2 cc. salt solution 

( 5 ) , . 30 = 0 2 cc. of (3) + 04 cc. salt solution 

(gt , . . 40 *= 0 1 cc of (3) 4 - 0 3 cc. salt solution 

( 7 ) . . 50 =» O 1 cc of (3) + 0 4 cc salt solution 

(8) , . . . 60 = 0 1 cc. of (3) + 0 5 cc. salt solution 

2. Performance of Test.— The serum dilutions being ready, the antigen 
suspension is prepared in the usual manner. After ten minutes standing, 
it is pipeted in 0.01-cc. amounts into each of 8 standard test tubes, deposit- 
ing the suspension at the bottom of the tubes. With an appropriate pipet, 
0.15-cc. amounts of the 7 serum dilutions are added in order to the tubes 
containing antigen suspension, beginning with the highest dilution (8). 
The racks are shaken for three minutes in the usual manner, 0.5 cc. saline 
is added to each tube and the results are read. 

3. Determination of Kahn Units.— If a serum gives a + + ++, +++, 
or + + reaction in an undiluted state only, it is said to contain the number 
of Kahn units indicated by the plus signs (4 units, 3 units, or 2 units, 
respectively). The titer of any serum which is positive on dilution is 
determined according to the formula S =* 4 D, where S is the serum titer in 
terms of Kahn units and D is the highest dilution ratio giving a positive 
(++++) reaction. Thus, if serum dilution 1:5 is four plus and 1:10 and 
higher dilutions are less than four plus, the serum contains 5 X 4 or 20 
Kahn units. If serum dilution 1 : 10 is four plus and 1:20 and higher dilu- 
tions are less than four plus, the serum contains 40 units. 

4. Reporting Results.— Results are reported “4 Kahn units,” "40 Kahn 
units,” etc., as the case may be. 

5. Highly Potent Sera.— If a serum gives a four plus reaction with a 
dilution ratio of GO, still higher dilutions of serum are examined with antigen 
suspension until four plus reactions are no longer obtained. Higher dilu- 
tions are readily prepared from Tube 3 in the dilution series (1 : 10 dilution), 
an excess of which is available. 


KAHN TEST WITH SPINAL FLUID 

In the testing of spinal fluid, flocculation tests are believed to be les 3 
reliable than complement-fixation tests, since false positive reactions tend 
to occur with the former. The Kahn flocculation test is recommended 
therefore, only for smaller laboratories which arc not equipped to do 
Wasscnnaun tests and where there is danger of the spinal fluid beinc 
contaminated while in transit to a distant laboratory. b 

A negative Kahn test on the spinal fluid may be reported as such whereas 
doubtful and positive results should be confirmed whenever possible bv a 
complement-fixation test. When facilities are available for confirming th* 
spinal fluid Kalm test by a complement-fixation test the standard Kah 
test as outlined below may be employed. In unusual circumstances wW 
no confirmation is possible a quantitative Kalin test should be 
the spinal fluid. made on 

9 
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I. Standard Katin Test with Spinal Fluid.— In this test, the spinal fluid 
globulins are precipitated by half saturation with ammonium sulfate, and 
redissolved in an amount of physiologic salt solution equivalent to one- 
tenth of the original spinal fluid volume. The concentrated globulin solu- 
tion thus obtained is then tested with standard antigen suspension. 

1. Preparation of Concentrated Globulin Solution.— (a) Reagents .— 1 The 
reagents needed for the preparation of concentrated globulin solution are 
Cl) spinal fluid, (2) a saturated solution of ammonium sulfate of the highest 
purity, and (3) physiologic salt solution. 

(6) Spinal fluid i3 centrifugalized to free it of cells and foreign particles. 

(c) Place 1.5 cc. of the clear fluid in a standard Kahn test tube (7.5 
by 1 cm.). 

(d) To the same tube add 1.5 cc. of a saturated solution of ammonium 
sulfate. 

(e) The fluids are mixed by covering the mouth of the tube with the 
thumb (protected with rubber) and shaking back and forth vigorously. 
The mixture is placed in a 56° C. water bath for fifteen minutes to hasten 
the precipitation of the globulins. 

(f) Centrifugalize the mixture at high speed (about 2000 r.p.m.) for 
fifteen minutes to throw down the precipitated globulins completely. 

(p) The supernatant fluid is removed as completely as possible with a 
finely-drawn capillar}’ pipet. An alternative method for removing the 
supernatant fluid is to pour off the fluid and invert the tube in a standard 
rack over clean filter paper, allowing the moisture that adheres to the tube 
to drain and be absorbed by the paper for a period of ten minutes. This 
draining period is not necessary if the inside of the tube is wiped dr}’ by 
means of filter paper. The filter paper is first wound around a glass rod 
or pencil and is then inserted into the tube, without touching the precipi- 
tate. Fresh filter paper is employed for wiping each tube. 

(A) Add 0.15 cc. of salt solution to the precipitate, and redissolve by 
gentle shaking. In adding this salt solution, the point of the pipet is held 
close to the bottom of the tube to avoid wa shing down traces of ammonium 
sulfate that may adhere to the inner wall. 

(i) This globulin solution after being examined for clarity and freedom 
from particles is ready to be tested with antigen suspension. 

2. Preparation of Antigen Suspension.— Mix salt solution with antigen in 
the same manner as for the standard test with serum. The antigen sus- 
pension is allowed to stand ten minutes and must be used in the test within 
the next twenty minutes. 

3. Measuring Antigen Suspension.— With a 0.2-cc. pipet graduated to 
0.001 cc., 0.01 cc. of antigen suspension is measured to the bottom of a 
standard Kahn test tube. 

4. Measuring Concentrated Globulin Solution.— With another 0.2-cc. pipet, 
add 0.15 cc. of the concentrated globulin solution. Tubes are shaken 
vigorously for ten seconds to mix ingredients. 

5- Controls. — Positive and negative spinal fluid controls are included. 

6. S hak i n g. After mixing, allow the tubes to stand at room temper- 
ature for three minutes before shaking at the standard speed for four 
minutes. 

7. Addition of Salt Solution. — Add 0.5 cc- of physiologic salt solution to 
each tube. 
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8. Reading Results.— Four-plus, tliree~plus, and two-plus reactions are 
reported as positive; one-plus reactions are reported as doubtful and plus- 
minus and negative reactions are reported negative. If the spinal fluid 
contains blood it should be so noted on the report. 

9. Check Examinations.—Each spinal fluid test should be performed in 
duplicate. Hence, the amount of spinal fluid required for a test is a little 
over 3 cc. 

II. Quantitative Kahn Test for Spinal Fluid. — 1 . Concentration of Globulin. 
— Prepare concentrated globulin solution from spinal fluid as directed 
above. 

2. Antigen Suspension.— Prepare as directed above. 

3. Dilutions of Concentrated Globulin.— While the antigen is aging, make 
dilutions of the globulin solution as follows, using five tubes: 

Dilution No. Dilution ratio ol concentrated globulin 

(1) This is the 0 3 cc. of globulin solution in the 

centrifuge tube 

(2) 5 =i 0 15 cc. of (1) + 0.6 cc. salt solution 

(3) 10 - 0 4 cc. of (2) + 0.4 cc. salt solution 

(4) • • ... 20 » 0.2 cc of (3) + 0 2 cc. salt solution 

(5) ... 40 - 0.2 cc. of (4) + 0.2 cc. salt solution 

4. Procedure for Test.— This is a five-tube test. Place five Kalin tubes 
in the rack in a row. 

(a) Pipet 0.01 cc. of antigen that has stood for ten minutes into each tube. 

( b ) Pipet 0.15 cc. of each globulin dilution into the tubes containing the 
antigen, beginning with the last tube. Mix and allow to stand for three 
minutes at room temperature. 

(c) Shake three minutes at standard speed, then add 0.5 cc. of salt 
solution. 

5. Reporting Results.— Results may be reported in Kahn Units by multi- 
plying the greatest dilution giving a four-plus reaction by 4. A fluid 
giving a four-plus reaction in the 1:10 dilution may be reported as havine 
40 Kahn Units. 


KOLMER-WASSERMANN COMPLEMENT-FIXATION TEST WITH 
SERUM AND SPINAL FLUID 


I. Glassware and Apparatus.— 1. Pipets.-The following pipets are 
recommended: 


1 cc. graduated in 0.01 cc. to tip. 
5 cc. graduated in 0.10 cc. 

10 cc. graduated in 0.10 cc. 


-• Test Tubes.- For the routine simplified test, uliicli has a total volume 
of 2.1 or 3 cc., test tubes measuring 10 by 123 cm. (inside diameter) with 
rounueu bottoms and no lips are employed. • 

.1. Cylinders.— Graduated (100 and 2.30 cc. capacity) to bo used fm- 
measuring amounts o\cr 50 cc. r 

Eseki.-Galtanizcd uirc racks carrying 12 rows of G 

- ». used 

ri ' Iri,;Cri,,ar "' lintii!n!nS “ of «„ 
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II. Reagents.— 1. Kolmer Saline Solution.-DissoUe 8.5 gm. of dry, 
chemically pure sodium chloride and 0.1 gm. magnesium, sulfate in 1000 cc. 
of freshly distilled water. If the salt has absorbed moisture it should be 
dried in the hot-air oven for ten or fifteen minutes before weighing. Filter 
the solution through paper into a flask fitted with a gauze-covered cotton 
stopper 

2 Sheep Cells.— Blood may be obtained by bleeding a sheep from the 
external jugular vein. In a clean and preferably sterile 1-Iitcr container, 
place 30 cc. of a 10 per cent solution of sterile sodium citrate. Two cc. of 
formalin may be added as a bacteriostatic agent. Fill three-quarters full 
with fresh blood, stopper, mix well with the citrate solution, and keep in a 
refrigerator. Alternatively, the sheep blood may be collected in a dry flask 
containing a handful of sterile glass beads, and defibrinated by shaking. 
Keep blood for forty-eight hours in the refrigerator before using. Sheep 
blood usually remains satisfactory for use out a period of two weeks, but 
as soon as the corpuscles become too fragile a fresh supply should be 
secured. The cells may be kept for a longer period if an equal volume of 
5 per cent dextrose in Kolmer saline is added to the freshly citrated or 
defibrinated blood. 

Filter a small quantity of blood through a cotton-gauze filter into a 
graduated centrifuge tube. Add 2 or 3 \ ol times of saline solution. Centri- 
fugalize at a moderate speed until all the corpuscles arc thrown dov. n. 

Remove the supernatant fluid with a capillary pipet or by suction. 
Add 3 or 4 volumes of saline solution; mix by inverting and again centri- 
fugalize for the same length of time. Repeat the process for a third time 
but centrifugalize at 1000 r.p.m. for exactly fifteen minutes for the final 
packing of cells. It is important that these two factors be kept constant 
in order that the cell suspensions may be uniform from day to day. Cells 
should be washed until the supernatant fluid is almost colorless. Three 
washings are usually sufficient. If more than four washings are necessary, 
the cells are too fragile for use. 

Read the volume of cells in the centrifuge tube, carefully remove the 
supernatant fluid, and prepare a 2 per cent suspension by washing the 
cells into a flask with 49 volumes of saline solution. Always shake before 
using to secure an even suspension, as the corpuscles settle to the bottom 
of the flask on standing. 

3 Sera.— Separate serum from the clot and centrifugalize until entirely 
free of cells. Inactivate in a water bath at 5G° C. for thirty minutes. 

4. Spinal Fluids.— Usually spinal fluids must be ccntrifugalized, but they 
need not be inactivated since they contain but little complement. Bloody 
fluids are unsatisfactory for testing since positive results may be due to 
the activity of the serum rather than the spinal fluid. Spinal fluids more 
than three days old, or contaminated with bacteria, may be heated at 
56° C. for fifteen minutes to destroy thermolabile anticomplementary 
substances. 

5. Egg Albumin. This modification may be employed in the spinal 
fluid technic when prozone reactions are obtained. Break a fresh egg and 
separate the white from the yolk. Discard the yolk. Pick out heavy 
particles or filter through several layers of gauze. Measure the egg-white 
and beat briefly before adding to an equal volume of normal saline. In 
the tests this 50 per cent solution may be used in 0.2 cc. amounts. An 
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alternative method 13 to prepare a 10 per cent solution in Kolmer saline 
solution and to use this for diluting the complement (1 cc. to carry 2 full 
units). This 10 per cent solution of egg albumin may be prepared by 
diluting each 10 cc. of albumin with 90 cc. of saline solution, or by diluting 
20 cc. of the 50 per cent solution with SO cc. of saline solution. Egg-white 
solutions should be made fresh for each day’s use and placed in the re- 
frigerator until needed. 

G. Antigen.— An alcoholic extract of ether-extracted powdered beef 
heart, containing 0.4 per cent cholesterol. The antigen is customarily 
prepared in a central laboratory and its a nticorn piemen tary, hemolytic 
and antigenic titer determined before shipment to field installations. Since 
the antigen usually remains stable over long periods of time frequent 
titrations of antigen are unnecessary. When a new lot of antigen is re- 
ceived it js desirable to check its hemolytic, anticomplementary and 
antigenic titer. 

7. Complement.— Complement may be prepared in the individual lab- 
oratory by pooling the clear fresh sera of at least three guinea pigs. Select 
large healthy animals which have not been fed for twelve hours. Avoid 
pregnant animals. Bleed from the heart. Unless preserved by freezing or 
by desiccation the serum should not be used after twenty-four hours, since 
its potency even at icebox temperature decreases rapidly. Immediately 
before using dilute 1 cc. with 29 cc. of normal saline solution, giving a 
1:30 dilution. 

Fresh serum may be preserved for longer periods by adding 0.25 gin. 
of chemically pure sodium chloride per cc. scrum. It is then stored in the 
freezing compartment of a mechanical refrigerator. To prepare for use, 
dilute 1 cc. with 29 cc. of distilled water, thus making a 1:30 dilution of 
serum in 0.S5 per cent salt solution. 

In small laboratories it is desirable to use complement which has been 
desiccated in tucuo and supplied from some central laboratory. Directions 
for rebydrating w ill accompany the ampules of dried complement. 

8. Hemolysin (Amboceptor).— An antisheep hemolysin contained in the 
scrum of rabbits which have been injected with sheep red blood cells. 
Amboceptor is preferably supplied from a central laboratory, but it may" 
be produced locally. The following procedure for producing amboceptor 
g'uca satisfactory results: 1 

Intra\ cnous injections of washed junked sheep cells are made at the 
following intcnals: 


iki 

M 

iih 

ms 

1CU, 

2M 


O 1 ce. (»cVr4 r*ll» 

OJm. {«tLcJ t*U» 

O 4 re nil* 

0 0«. |«rVrt| «;U 
O H cr, i nittj niii 
J 2 u < 

lot Htl.uM»rr 


i „ ,0 ! 

- ° lu-; .tuk.umi 

* ore.<.r ioc; 
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If the f.rrl::aii.ary lilratitro u .Mti-farlnry (at Icaat I-.-IOOOf , ■, • 

Mill frr In tl.c heart Aral the rcnrin rlilutrrl unit an trjuai \o!uu ic c [ 

It r. • f utrr.ti't rnn.rlarat- to urn neutral du-.mcally ,m rc K l ire J 
'he I.rmrly j.n may uwltrjo rlcutiuralrun. If the tmliniiiL...- 
1» i.:, ali.f-u ry, the ral-lnt ihouM la: enrn vr rral Luinc !i . ra ! Jyn 
a rl-r.fi «:u In r fatrir... the S :T U °r 

'*- r l' ;■ mhtnl fish r-M ,/ s K«Ah ‘ U,e 
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III. Titrations.— 1. Titration of Hemolysin (Amboceptor).— It is advisable 
to repeat the hemolysin titration for each series of complement-fixation 
tests. 

(а) Prepare a stock dilution of 1 : 100 hemolysin as follows: 

Phenol (5 per cent in saline solution) ... 4 cc. 

Saline solution . . .... 94 cc. 

Glj'cerolued hemoljsin (50 per cent) ... 2 cc 

The phenol and saline solutions should be well mixed before glyccrolized 
hemolysin is added. This stock solution should be kept in the refrigerator. 
For titration, prepare a 1:1000 solution (0.5 cc. of stock 1:100 dilution 
+ 4.5 cc. saline). 

(б) In a series of 10 tubes, prepare higher dilutions as follows: 


So. 

1 

0 5 cc. hcmol> si 

(1.1,000) 

i: 1,000 

So- 

2 

0 5 cc. he(nol>si 

(1.1,000) 4*0 5 ce. saline solution 

l: 2.000 

So. 

3 

0 5 cc. henwl) si 

(1:1,000) 4*1 Oce saline solution 

l: 3,000 

So. 

4 

0 5 cc. hcmoI>bU 

(1:1,000) 4-1 a cc saline solution 

i: 4,000 

So 

5 

0 5 cc. hemol)M 

(1:1.000) 4-2 0 cc batino solution 

i: 5.000 

So 

C 

0 5 cc. hetuol>M 

(1:3.000) -i-0 5 cc. saline solution 

i: c.ooo 

So. 

7 

(1 5cc hemolj si 

(1:4.000) +° 5 cc saline solution 

i: 8.000 

So. 

8 

0 5 cc. heoobu 

(1:5,000) 4-0 5 cc saline solution 

1:10.000 

So 

9 

0 5 cc. hcmol>M 

(1.6,000) 4-0 5 cc. saline solution 

1:12.000 

So. 10 

0 5 cc hemolj s 

(1:8,000) 4-0 5 cc. saline solution 

l: 16.000 


Mu the content* ot each lube thoroughly. 

(c) Prepare a 1:30 dilution of complement for hemolysin and comple- 
ment titration by diluting 0.2 cc. of fresh complement scrum with 5.8 cc. 
of saline solution (or 0.2 cc. of salted serum w ith 5.8 cc. of distilled water). 

(d) Prepare a 2 per cent suspension of sheep cells. 

(e) In a scries of 10 tubes set up the hemolysin titration as shown in the 
following table: 


Tube 


2 

3 

4 

5 

6 


8 

9 

10 


Table 11.— Titratios or Heuolisin 


Ilsmohun, 
0 5 cc. 

1 : l.ooo 
1- 2,000 
i: 3,ooo 
1: 4,000 
l: 5.000 
1: 0,000 
l: 8,000 
1:10,000 
1:12,000 
1 16,000 


Salma 

solution. 


0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 

0 3 17 


ahrtp cells, 

0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 


Mix the contents of ’ ' ’ ’ ’ ■ 

for one hour. Read th< 

of hemolysin that gives _ ' ■ ^ 

give a unit of 0.5 cc. of 1 :4000 or higher dilution. 

Two units of hemolysin are used in ■ titra- 
tions and in the complement-fixation that 

0.5 cc. contains 2 units. For example ' ■■ l.GOOO 

dilution, two units equal 0.5 cc. of the 1:3000 dilution. Dilute just enou K h 
hemolysin for the complement-titration and the complement-fixation tests. 
Keep hemolysin and sheep cells in suspension in the refrigerator when not 
in use. 
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The following table shows how to prepare hemolysin dilutions so that 
0.5 cc. carries two units: 


Table 12 .— Dilution or Hemolysin 


1 unit 2 units would be 

0 5 ce. of 0.5 cc. of 

l; 4,000 1:2,000 


l: 6,000 . . . 

. . 1:2,500 

l: g.ooo . . . 

. . i:3,ooo 

l: 8,000 . . . 

. . 1:4,000 

i:io.ooo . . . 

. . 1:5,000 

f.12,000 . . . 

. . 1:0,000 

1:10,000 . . . 

. . 1:8,000 


Prepared by diluting 
1 oc. of stock 1:100 
with following 
amounts of saline, 

19 

24 

29 

39 

49 

59 

79 


In practice the hemolysin titration may be placed in the water bath at 
the same time as the complement titration. At the end of the first incuba- 
tion of the complement titration the unit of hemolysin is available and 
two units are added to all the tubes of the complement titration, etc. 

2. Titration of Complement.— For the complement titration use the 1 :30 
dilution of complement. Dilute antigen so that the dose employed in the 
main tests is contained in 0.5 cc. (see Section IV below). The required 
amount of saline solution is placed in a flask and antigen is added drop by 
drop, with shaking. Prepare enough antigen dilution for the complement- 
titration and the complement-fixation tests. 

In a scries of 8 test tubes, set up the complement titration as follows: 


Tub* 

1 

2 

3 

4 

5 
0 
7 
S 


Complement Antigen S»lin* 

(1.30), doee. solution. 


Hemolysin Sheep cell* 
(2 unit*), (2 per cent). 


....0 2 0 5 

. . . 0 25 0 5 

.0 3 0 5 

.... 0 35 0 5 

. . .0 4 0 5 

0 45 0 5 

.... 0 6 0 5 

. Nono None 


1 3 
V 3 

1 2 
1 1 
1 1 
1 0 

2 5 


d 



0 5 
0 6 
0 5 
0 5 
0 5 
0 5 
0 5 
Nono 


0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 


d 


The smallest amount of complement just giving complete hemolysis is 
the exact unit. The next larger quantity is the full unit, which contains 
0.05 cc. more complement. In conducting the antigen titration and com- 
plement-fixation tests, two full units arc employed, contained in 1 cc. as 
illustrated below: 


Kind unit . 
lull unit 

Don (J full uuiu) . 


0 3 cc. 
0 55 cc. 
O 7 ce. 


Dilution of tv.mpl«in«tit containing 2 full unit* in 

Hie following table gi\ es additional examples: 


_ , T-olwS 

*. ra utwt. utnu, 

0 3 . 0 11 0 7 

O 33 .... O 4 OH 

0 4, 0 45 0 0 

0 41 .01 10 

It ii aUaji ad\ liable to dilute 
Nation iiutead of talinc kept at rvo 


Od.iraa 

l,VH 

l: 43 

1:37 

1:33 

l:ia 


1 rc. actum + 42 ce. mI.l* 
I cc. *cnm + 3a cc. 

1 «. *<Tun» 4- 32 cc. nhn* 
1 tt. Miuu 4 29 rc. Mia.* 


complement scrum with cold saline 
mi temj<raturc. Complement serum, 
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and particularly tlie diluted complement, should always be kept in a 
refrigerator when not in use. 

Occasionally hyperactive complement yields a unit of less than 0.3 cc. 
of the 1 30 dilution, but when this occurs it is necessary to take arbitrarily 


factory and cannot be used. 

3. Titration of Antigen.— It is not ordinarily necessary to repeat tire 
titrations for hemolytic and anticoinplcmcntary units. It is desirable, 
however, occasionally to titrate for antigenic activity. The following 
method is recommended. 

(a) Prepare a I: SO dilution of antigen by adding 0.1 cc., drop by drop 
with shaking between each, to 7.0 cc. of saline solution in a large test tube 
or small flask. Higher dilutions arc then prepared as follows : 

4 cc. of l:SO + 4 cc. salmo solution — 1:1G0 
4 cc of 1:160 + 4 cc salino solution — 1:320 
4 cc. of 1:320 ■+• 4 cc. salino solution »• 1 :&40 
4 cc. of 1:W0 -f 4 c’- tahae eolution ):J2SO 
4 cc of 1 : 12SO 4- 4 cc. ssUnc solutioa — 1:2560 


(&) Arrange five rows of test tubes with G in each row. In the. first 
tube of each row place 0 5 cc. of antigen 1:80; in the second tube of each 
row, 0.5 cc of antigen 1 : 1G0; in the third tube of each row, 0.5 cc. of antigen 
1 :320; in the fourth tube of each row, 0.5 cc. of antigen 1 : G40; in the fifth, 
0.5 cc. of 1 : 1280; and in the sixth, 0.5 cc. of 1 :25G0. 

(c) Heat 3 cc. of a moderately to strongly positive syphilitic serum in a 
water bath at 56° C. for fifteen to twenty minutes and prepare 5 dilutions 
as follows in large test tubes: 

1 0 cc serum + 4 0 cc saline ■■ 1:5 (0 5 cc. carries 0 1 c«. serum) 

0 5 cc. serum + 4 5cc saline — 1:10 (0 5 cc. carries 0 05 cc. serum) 

Q 5 cc serum + 9 5 cc saline — 1:20 (0 5 cc. carries 0 025 cc. serum) 

2 0 cc. scrum 1:20 + 2 cc saline = 1:40 (0 5 cc. carries 0 0125 c a. serum) 

1 0 cc serum 1:20 + 4 cc saline = 1:100 (0 5 cc. carries 0 005 cc serum) 


(d) Add 0.5 cc. of the 1 * 5 scrum dilution to each of the 6 tubes of the 
first row; 0.5 cc. of the 1 : 10 dilution to each tube of the second row’; 0.5 cc. 
of the 1:20 dilution to each tube of the third row; 0.5 cc. of the 1:40 dilu- 
tion to each tube of the fourth row; and 0.5 cc. of the 1 : 100 dilution to each 
tube of the fifth row. 


(e) Add 1 cc. of complement dilution carrying 2 full units to all the tubes. 
(/) Set up a serum control carrying 0.5 cc. of 1:5 serum and 1 cc. of 
complement (2 full units) ; also, a hemolytic system control carrying 1 cc. 
of saline solution and 1 cc. of complement (2 full units). 

rator at G° to 8° C. for 
1 37° C. for ten minutes. 

',v ■ , - -■ l ... of 2 per cent suspension 

of sheep cells to all tubes. 


ffl thoroughly and place in a water bath at 37“ C. for one hour; 
make readings- The serum and hemolytic system controls should show 
complete hemolysis. 

Cj) Chart the results as per the following example observed with a 
strongly positive serum: 
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Serum in 
10 0.6 cc. 
0 005 
0 0125 
0 025 
005 
0 1 . 


Antigen in 0 5 cc. amount* 


1:80 1:160 1.320 1:640 1 12S0 1:2560 

— — 4*+ — — — 

— 4- + + + + * + + -f + + -f- + 

+ + + + + + + + + + + + + + + ++ + 

+ + + + + + + + + + + + + + + + + + + + + 

++++ ++++ + + + + + + + + + + + + + + + 


The dilution of antigen to employ in the main tests is the largest amount 
giving a -f-H+d- reaction with the smallest amount of serum. (Indicated 
by * in chart in paragraph (j) above.) If three dilutions of antigen give 
reactions with the smallest amount of serum, the dose to use 
should be midway between the highest and lowest. 

IV. Procedure for the Test.— 1. Technic ol the Test.— (a) For each serum 
arrange two test tubes and place 0.5 cc. of saline solution in No. 2 (control). 

0*2 cc. of heated serum to each tube. 

ror each spinal fluid arrange two test tubes and place 0.5 cc. of saline 
solution in No. 2 (control). Add 0.5 cc. of spinal fluid to each tube. 

(o) Add 0.5 cc. of diluted antigen carrying the proper dose to the first 
tubes and mix thoroughly. Allow to stand at room temperature for ten to 
thirty minutes. 

GO Add 1 cc. of complement (2 full units) to all tubes. In the case of 


control containing 0.5 cc. diluted antigen, 0.5 cc. saline solution, and 1 cc. 
of complement (2 full units). (2) Hemolytic system control containing 
* cc. of saline solution and 1 cc. of diluted complement (2 full units), (3) 
k . p cell control containing 2.5 cc. of saline solution. (4) Controls using 
positive and negative sera arc advisable. 


Tadlx 13- — Make-up op Typical Tests 


Tub* 




, Serum 

1 0.2 cc. 

2 O 2 cc. 4 - 0 5 cc. saline 


N 5 


a 

e 


Spinal Fluid .S 

0 5 cc. 0 5 0 

04 cc. + 0 5 cc salino None ® 


_ Control* 

Antigen control: 04 
4 ir'*' solution 

Hemolytic control 1 
. **hne solution 

aheep e*ll control . 24 
ec. ulina solution 


3 . 


0 5 
None 
None 



£ 3 
3 2 


Comple- 

ment 

(2 lull units), 


1 0 
1 0 


1 0 
1 0 

1 0 
I 0 

None 



C* * 
•I m3 


(2 units). 


0 5 
0 5 


0 5 
0 5 


0 5 
0 6 


S c*IU P 

( 2 %). 


0 5 
0 5 


2 

2 


0 5 
0 5 

0 5 
0 5 
0 5 


J 3 . 
80 


I* 

P 


. $ ^ >c contents of each tube by gentle shaking and 

{ /? C p»*° r at I° r fh tecn to eighteen hours. 

VJ trace tubes in a water bath at 37° C. for ten minutes 


place in the 
(not longer). 
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(g) To all tubes, except the sheep cell control, add 0.5 cc. of hemolysin 
(carrying 2 units) and to all tubes add 0.5 cc. of 2 per cent sheep cell sus- 
pension (well shaken). Mix the contents of each tube by gentle but thor- 
ough shaking of the rack and place in a water bath at 37° C. for one hour. 

Table 13 shows a typical protocol for the complement-fixation test with 
scrum and spinal fluid: 

2. Reading and Reporting Results.— Head the degree of inhibition of 
hemolysis and record for each tube as: — (complete hemolysis); -f (23 per 
cent inhibition recorded as 1); ++ (50 per cent inhibition recorded as 2); 
++ 4 - (75 per cent inhibition recorded as 3); +-f + -f (100 per cent 
inhibition recorded as 4). A11 serum, antigen, and hemolytic controls 
should show complete hemolysis. The corpuscle control should show no 
hemolysis. 

The reactions should be reported as: Positive (+ 4* + +, + + +, or -f +) ; 
doubtful (+ or *); negative (— ). If the scrum control, containing no 
antigen, shows no hemolysis, the scrum is anticomplementary and should 
be reported as such. A second specimen should be obtained in such cases. 

V. Analysis of Difficulties.— 1. Due to Complement.— In the great major- 
ity of instances difficulties occurring are due to the complement. Occa- 
sionally it is too low in hemolytic activity. Sometimes the complement is 
apparently satisfactory on titration but yet defects c in the tests because 
it is supersensitive to what may be termed the anticomplcmentary effects 
of antigen or serum or spinal fluid, and particularly in summation. For 
this reason it is recommended that egg albumin be used in all spinal fluid 
tests. Egg albumin, however, is not required in the tests on serum, al- 
though it may be added to the antigen control. 

2. Due to Hemolysin.—' This is usually the first reagent suspected, but 
least likely to be a cause of trouble, especially if it has been previously 
used w ith success. If the saline solution and complement are satisfactory, 
a good hemolysin rarely causes difficulty even after shipment over long 
distances. 

3. Due to Corpuscles.— When blood is obtained from an abattoir one 
sooner or later encounters specimens which have an increased resistance to 
hemolysis. Such blood must be discarded. 

4. Due to Antigen.— If no mistakes have occurred in dilution and dosage, 
this is rarely a cause of trouble. When the antigen control shows incom- 
plete hemolysis it is usually due to some component of the hemolytic 
system, especially the complement. 

5. Due to Anticomplementary Sera and Spinal Fluids.— Sera and spinal 
fluids may be found to be anticomplementary, as shown by incomplete or 
no hemolysis in the controls. After experience has been gained some of the 
partial reactions may be read with safety as doubtful or negative, but as a 
general rule it is safer and wiser to repeat the tests with fresh serum or 
spinal fluid. 

Tests sometimes have to be repeated, and for this reason the unused 
portions of all sera and spinal fluids should be routinely kept in a refrigerator 
until the tests are completed. 

FALSE POSITIVE SERO-DIAGNOSTIC REACTIONS 
Since the sero-diagnostic tests are not truly specific for syphilis, the 
clinician must acquaint himself with those conditions other than syphilis 
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which may produce false positive reactions. The false positive reactions 
which occur with the various complement-fixation and flocculation tests 
are either technical or biological. 

I. Technical False Positive Reactions. -These may be due to some 
error introduced by the physician in the collection or labeling of the sera, 
by the secretary or nurse in copying and recording the results of the various 
tests and by the serologist or technologist in laboratory technic. Such 
positive results are not usually confirmed when a second specimen is 
retested by the same or a different procedure. In well regulated laboratories 
these technical errors are fortunately infrequent. Since this type of false 
positiv e reaction may occur even in the best of laboratories, a diagnosis o 
syphilis should never be made on the basis of a positive blood reaction on a 
single specimen. 

Technical false positive reactions may occur in sera containing no rcagm 
and are more likely to occur with bacterially contaminated bloods or badly 
heinolyzed specimens. Glassware which is dirty or inadequately or im- 
properly cleansed may also give rise to false positive reactions. Inexact 
measurements of the various materials employed in the respective tests are 
also important factors. Furthermore, if the antigen, other ingredients ot 
the antigen emulsion, or any of the three components of the hemolytic 
sjstera utilized in a serologic test are unsatisfactory because of faulty 


lue to the presence of 
or spinal fluid, pro- 
Any febrile condition 

°r severe metabolic disturbance may a" 

sero-diagnostic tests for syphilis. Non-. ^ • 

^ttur in leprosy, malaria, and infectious — ^arlet 

f , upper 

r . ■ iloma 

. Fortunately* these conditions usually have other diagnostic character- 
. • . ■ , ■ . • ; . *' s due to them rarely cause 

. : Furthermore, the serologic 

• liscases are usually of very 
titer, giving rise to doubtful or weakly positive reactions. It is ncccs- 

’ igic reactions occurring 

e differentiation of true 

Nsilivc (syphilitic) "fromthc false positive (biologic, non-syphilitic) scro- 
"Wc reactions. The better known ami more recent of these procedures 
sre the tests devised by l)r. It. L. Kalin and the spirochetal complement- 
11 ration test devised by- Dr. Harry Eagle. At the present time, however, 
’■"iic ot these methods lias proved of sufficient value for adoption as a 

"‘“"tie procedure. 


fi- Biologic False Positive Reactions.— These are d 
a non-specific substance or possibly reagin in serum 
ducetl by a number of conditions other titan syphilis. 
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Chemistry 


CHAPTER XIII 

GENERAL CHEMICAL TECHNIC 
By Cleon J. Gentzkow and Walter C. Tobie 

It is neither practicable nor desirable in a work of this kind to review 
a, I of the principles of quantitative technic, but it is deemed advisable 
to present here certain methods, procedures and principles of wide applica- 
tion in clinical chemistry. 

Quantitative analyses are done to determine either the relative amount 
o some constituent in a compound or mixture, or the absolute amount in a 
wiown quantity of material. 

the most commonly used methods are: . . 

*• Gravimetric Analysis. — In this method the constituent sought is 
s< ‘I ) -i rated from solution as an insoluble compound of known chemical 
^Position, dried and weighed. From the weight of this new compound, 


*>• Colorimetric Methods.-Hcrc the substance to be determined is made 
* chemically so as to produce a colored compound. *1 he intensity or 
■pth.of color is then measured by comparison with a standard. It is 
1, cntul that the depth of color produced be proportional to the concen- 
rf llwn the substances sought. This subject is treated more fully in 

Uaj )tcr XVI, 

I ** Geometric Methods.-By these methods the particular unknown to 
. m ^ured is made to react to produce a gas. . '1 lie volume of gas pro- 
i* then measured under standard conditions of temj>cniture and 
|^‘Aure t or the volume inav be held constant and the pressure measured 
J, Manometer. The VunSlyke and Neill manometric apparatus, while 
« f d ! ltcs, ‘ of standard Medical Department equipment, is used in many 
Army labonitories. Gasomctric mctluxls arc not included in 
• e ‘ For further infonnation on tliis ami other qweial methods 
Ultir applications, xe the references listed at the cud <*f this chapter. 

GRAVIMETRIC METHODS 

Chemical Balance.— The cmnmoucit t>pc of chemical balaucc 
-'cntully of a horizontal lever (beam) with two arms of equal 
a point of aupi*>rt alxivc tlic center of gravity, 'flic beam 
^ * kmfcxdge as a fuleniiu, while the pstn pivot on knife-edges 
"*et„Uof the arm.*. 
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1. Types of Laboratory Balances — In all weighing, it is essential that I 
proper type of balance be used. The balance should be sufficiently aci 
rate for the work required, but no more so. Thus if 10 gm. of a salt j 
required with an accuracy only to the nearest 0.1 gm. weighing should 
done on trip scales. It would be an obvious waste of time and effort 
weigh it with great care on a fine analytical balance to the nearest milligr; 
or tenth of a milligram. 

(a) Trip Scales .— This is a rough form of balance used in weighings 
to 1 or 2 kg. which do not have to be extremely accurate. It is sometin 
called a “pan balance.” Since the balance is usually graduated to 0.1 g 
it is better designated as a decigram balance. The common form consi 
of two platforms, with a graduated scale on the front of the beam, and c 
or more sliding weights or riders Free weights to put on the pan i 
usually provided. 

This is a very useful type of balance and is perhaps used more than a 
other. As handled in many laboratories, particularly in balancing tul 
for centrifugalizing, it is subjected to such gross abuse that it soon bccon 
extremely inaccurate. But if used properly and kept free from dirt a 
corrosion, it will have a long useful life. In particular, the beam shoi 
not be allowed to bang over from one side to another, since this will rap5» 
ruin the knife edges. Padding the pan stops with rubber will minim 
this type of damage. Solid matter should not be allowed to fall on i 
central knife edge. 

(6) Centigram Balance .— This type of balance is used in work wh 
must be accurate only to the nearest hundredth of a gram. It usually ha 
single pan with counterweights on a beam. The smallest scale divis 
for the rider is 0.01 gm. and the maximum capacity is usually abi 
100 gm 

(c) Fine Analytical Balance .— This type of balance is used in ordin; 
analytical chemical work where weighings are made to the nearest milligr 
or tenth of a milligram. It should have a capacity of 100 to 200 gm. w it 
sensitivity of 0.1 mg. when fully loaded. Some of the new er balances, si 
as the Chainomatic, have devices which eliminate the use of fractio 
weights and greatly expedite weighings. Micro- and semimicro-balan 
are further refinements and permit weighing small amounts of matei 
with an accuracy of 0.001 mg. in some cases. 

2. Use and Care of Balances.— Well-designed and properly construe! 
balances will give many years of useful service if cared for properly, 
neglected or mistreated, they wall rapidly become inaccurate and unsal 
factory. The precautions which follow refer mainly to the analytical b 
ance but should also be followed, as far as applicable, with the other tvp 

(a) The balance should stand on a firm horizontal surface free of vib: 
tion. It should not be near a radiator or other source of heat, nor shoi 
direct sunlight fall on it, since errors in weighing owing to unequal expansi 
of the metal will result. The balance must be level, as shown by t 
spirit level or plumb bob in the case. The pointer should remain at z< 
when the beam is raised without load, and also when the beam is lowert 
The pointer should swing equal distances to either side of the zero when 1 
beam is swinging with no load on the pans. Adjustment of swings is ms 
by the balancing screws on the ends of the beam. When not in use 1 
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balance case should be kept closed to exclude dust, and the beam should 
always be raised off the knife edges to prevent injury by jarring. 

(5) Always lower the beam slowly and carefully. Do not let the beam 
rest on the knife edges while weights or materials are being p ace , 

removed from, the pans. , . , . , „ 

(c) The beam is best set in motion by lowering the rider upon it or 
removing it for an instant. Never start motion by touc nng ie p 
by suddenly lowering the beam upon the knife edge. , 

(J) Substances to be weighed should never be p aced directly upon 
the pans, but upon watch glasses, weighing papers, or other containers. 

(e) Objects to be weighed should be nearly at room temperature, since 
air currents from a hot body, or condensation of moisture on a cold one, 
will introduce serious errors. , . . 

Cf) Never handle weights with the hands or place them on the pans 
except with the forceps. Substances to be weighed are placed on the left 

hand pan and the weights on the right hand one. ...... 

(3) The pans and the weights must be kept free of dust at all mes 
Kor cleaning them, a camel's-liair brush is essential. After severe .weeks 
or months, dust will eventually accumulate on the beam and on the agat 
Wings of the central knife edge. It can usually be renros «* **> 
dusting with the brush. If not, die pans and beam are remos edaft 
Stall care and are gently cleaned with a dry soft cloth sue ‘ ns a fees hi} 
laundered handkerchief; a towel is too coarse. After cleaning tile balance 

is readjusted to swing equally without load. U’chhina — 

3. Methods of Weighing.- (a) Ordinary Method of Direct H eign g. 
I'lacc the object to he weighed on die left pan. \\ idi die ‘ 

"eight, indeed to be sliglitlv heavier than required, on tin. right pan. 
Ocntly lower the beam a little and note "inch way 
if to the left, the weight is too heavy, if to the right, the object a t lit 
licavier. liaise die bc.mii and replace die weight with die not lighter one. 
If it is found to he too heavy. After the weight to the cams gram ja 
W determiucil, continue the process using the fractional "eights, &!'* > 
'‘■casing the pan support each time to see how the pointer swings, t use 
die balance ra so and adjust die rider until the tK.ii.tcr swings equal d,s- 
tatirea to the right and left. ... » . .» 

. Make all weighings methodically by trying the weights one after another 
U1 proper order, after first checking to see that the balance is properly 
mljUMol. l'inal adjustments and weighings should always he made with 
•kc l«lawe ease closed to prevent errors doe to air currents. Check the 
lia.ll weighing bv (1) adding up the weights missing from the lmx, in which 
"tight should always have its proper place, and (-) adding lip the 
’•"Shis that are on the pan. As a final check, add the weights as they are 
turned to the Ikjx. . , 

f** «uVm K wiidiinw, there « a tendency to nuke the I*>mUr *w*ng 
too K rt.»t an are. A swing of - or 3 scale dni'ioin to nght ami lift 
*' rally ample. ’ . , , , 

<&) MttJujJ ,f ,Sin S fci Hirings.— Adjust the balance that the iwuiter 
'*» or \ iIMmoii* <.» the right when the jun supjKirt it can fully n hax-d. 
4, *1 to list ilb ic to the right *4 the ?«n>. In unglnng, add 

until tht« Mine deflection obtained ti|«m nUating the pan >uj>- 
♦•-ft, m<tl,nd t»f w cishing b 'cry rapid, hut m*i «|iiitc as ami rale m 
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the ordinary method. It is not applicable to a balance having a single 
release operating both beam and balance supports. 

(c) Determination of Sensitivity and Method of Swings . — In this method, 
which is very precise, the zero reading of the balance, without any load, 
must be determined first. Set the beam in motion and record the turning- 
points, or extreme positions, of the pointer for an uneven number of swings, 
usually 5, and take the mean of the readings. The first two swings are 
inaccurate because of the jar in shutting the balance case, and for other 
reasons, and are disregarded. 

For exam-pie, suppose the swings are: Left 0.5, right 2.5, left G.3, right 
2.3, left 0.1. The mean of the three left swings would he “ 

2 5 4- 2.3 

or 6.3; of the two right swings” 0 ** or 2.4; and the rest point would be 

0.3— 2.4 or 3.9 scale divisions to the left It is customary to give the 
minus sign to displacements to the left and the plus sign to those to the 
right, since these signs indicate whether the observed difference is finally 
to be subtracted from or added to the weight as given by the weights and 
rider. 

The zero reading may change during the course of the day and should be 
determined before each weighing. When a scries of weighings are to be 
made, determine the zero point at the beginning and at the end of the 
series and use tire mean. 

Next determine the sensitivity of the balance for the particular load 
to be weighed by placing the object ou the left pan and the weights on the 
right until equilibrium is established as nearly as possible. Determine 
the rest point on the scale in the same manner as in making the zero read- 
ing. Add or remove 1 mg. by means of the rider and determine the rest 
point again. The difference between this and tiie previous point of rest 
gives the sensitivity of the balance; that is, the number of scale divisions 
equal to 1 mg. in weight with the particular load in question. 

Assuming that tire first point of rest lies at 4.1 scale divisions to the 
right with a load of 25.723 gin. and the second rest point, with a load of 
1 mg. less, or 25.722 gm., at 1.9 scale divisions to the right, then the sen- 
sitivity of the balance will amount to 4.1 — 1 .9 or 2.2 scale divisions. Since 
the zero reading was 3.9 scale divisions to the left and the rest point with a 
load of 25.723 gm. was at 4.1 divisions to the right, it follows that the 
object was heavier than the weights in the pan by an amount sufficient to 
displace the rest point from 3.9 to the left to 4.1 to the right, or 8 scale 
divisions to the right. The weight equal to this amount of displacement 
can be calculated from the sensitivity as determined above. Since 2 2 


scale divisions correspond to 1 mg., then 8 scale divisions would be 8 -° or 

3.64 mg., approximately 3.6 mg. The true weight of the object, therefore 
would be 25 723 + 0.0036 or 25.7266 gm. The weight is expressed only 
to the fourth decimal place, since most analytical balances will scarcely 
detect with certainty less than 0.1 mg. 3 

For the methods of double or transposition weighing, reduction of weigh- 
ings in air to in vacuo, and for the calibration of weights, reference should 
be made to the various books on quantitative analysis listed at the end of 
this chapter. 
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II. Filtration.— The purpose of filtration is to separate a solid from the 
liquid in which it is suspended, therefore the pores or interstices of the 
filter must be smaller than the particles to be retained. Precipitates vary 
greatly in particle size and in the physical characteristics of the particles, 
therefore proper selection of a paper or other filtering agent is essential. 

1. Paper Filters.— Filter paper varies greatly in diameter, thickness, 
and porosity, depending upon the use to which it is to be applied. Quali- 
tative filter paper is the most common sort, and is used in ordinary filtra- 
tions. Quantitative filter paper is acid-washed to remove as much mineral 
matter as possible, so that very little ash is dissolved out when acids are 
filtered through, or remains behind after combustion of a precipitate on 
the paper in gravimetric analysis. Hardened filter papers are intended 
to resist pressure when suction is applied, as on a Buchner funnel. 

The desirable qualities in filter papers for quantitative work are strength, 
uniform texture, proper porosity, and low ash. For qualitative work 
strength and proper porosity are required. Select the paper best suited 
to the particular work to be done. All catalogs of laboratory supply 
houses give the characteristics of the various filter papers handled by 
them and in each package of Whatman filter papers is a user’s guide 
indicating the correct paper for each purpose. 

An example of improper selection is the use of ordinary paper for filtering 
trichloracetic-acid-precipitated blood serum in calcium determinations, 
since ordinary papers contain considerable calcium which is dissolved out 
by the acid. In this case only an acid-washed paper is suitable. On the 
other hand a blood filtrate for nitrogen determinations should not be filtered 
through an acid-washed paper. In the manufacture of these papers the 
acid is neutralized with ammonia and some ammonium salts remain in the 
paper. The blood filtrate dissolves this out, giving a falsely high reading 
tor nitrogen. 

(a) Gravity Filtration .— For gravity filtration with conical funnels, a 
round filter paper is simply folded over to crease it across one diameter, 
then without opening the paper, another fold is made at right angles 
to the first fold. When opened up, the paper should fit the funnel snugly. 

, *t docs not, owing to some variation in the angle of the funnel, it should 


a paper, considerable time in filtration may be saved by folding the paper 
80 the liquid passes through it more rapidly. The following method 
accomplishes this purpose: 

J, old th e paper evenly across one diameter. , 

W Open up the paper and make a second fold at right angles to the 
^ ’ c ^ as * n g tlie paper on the same side. 

bisiJr ' ^ Cn and turn the paper over, then make a third fold exactly 
tvNo tjn g two of the quarters, creasing on the opposite side from the first 

, l0 ^jM, a ke a fourth fold at right angles to the last one. The paper is 
lr ,v *ded into eighths, each segment 45 degrees of the circle, with two 
(5} C y > ?,| 0ne Side and two on the other, 
eighths eq S jj ja * n on ^ Ie same s * de as the last, dividing two opposite 
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(6) Make a final fold at right angles to the previous one, and on the 
same side. In making the folds be sure all creases pas* through the same 
center point and protect this point with a finger as the creases are made 
to prevent tearing it. 

(7) As the paper is picked up it will tend to shape itself into a cone. 
Adjust three of the folds, reserving the fourth one to make the paper 
fit the funnel exactly. This folding git es alternate triple and single thick- 
nesses, with half of the funnel area covered singly. It makes for very rapid 


degrees, and a long 

u • , ^ith the end of the 

stem ground at an angle. Such a funnel t\ ill give vert’ rapid filtration with 
a well-fitted filter paper. The stem should fill with a column of filtrate, 
the weight of this column exerting a suction pull If much air sucks down 
the stem past the filter paper, the rate of filtration is usually decreased. 

(6) Suction Filtration .— For filtration by suction, a Buchner funnel is 
usually used. It is made of porcelain with a perforated disk to support a 
filter paper. The stem end of the funnel, fitted with a rubber stopper 
or other device to make an airtight joint, is fixed in a filtering flask. A 
hardened filter paper of proper size is placed on the perforated disk, and 
a slight suction is started, preferably after the paper has been moistened 
with some of the liquid to be filtered. When the paper has flattened 
down due to suction, more of the liquid is poured in, and the suction in- 
creased to the desired rate. The paper must lie flat on the perforated disk 
or liquid will suck under the edge of the paper, giving imperfect filtration 
While hardened filters are usually employed in suction filtration other 
types can be used in an emergency. If the suction breaks holes in the paper 
use a different grade or use two thicknesses If no Buchner funnel is at 
hand, suction filtration can be done by folding a hardened filter to fit a 
conical funnel. 


after filtering 
contaminate 
> such as that 


given on page 355, is recommended. 

2 . I ! 

crucil ■ ' ? 

is sha" . ■ ' 1 ' 

Put a • 0 UCUWI 1 uasii" 

and apply gentle suction. Pour enough asbestos suspension’ bito the 
crucible to form a mat 1 to 2 mm. in thickness. If perforated porcelain 
disljs are available it is best to place one upon the bottom laj er of asbestos 
then pour a little more asbestos suspension into the crucible with suction’ 
If the disks are not available it is advisable to use a single mat of asbestos 
about 3 mm. thick W ash the mat thoroughly but gentlv with water until 
no more asbestos fibers nm through. For ordinary filtrations dry the 
crucible at 105 C., cool in a desiccator over CaClj and weigh. If the nre- 
eipitate is to be ignited the crucible and mat should also be ignited at 1 the 
same temperature, cooled and weighed. 

3. Fritted Glass Filters.— These filters are made by fusing a disk of 
sintered glass (prepared by partial fusion of ground or powdered glass! 
into a glass funnel. Many shapes and sizes are available, with the porosity 
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varying from very fine to very coarse. These filters are particularly useful 
with solutions which attack filter paper. The most common type is used 
in place of the Buchner funnel. Other smaller types are used in place of 
Gooch crucibles avoiding the errors in weighing which sometimes occur 
when a little of the asbestos is washed through. 

These filters must be cleaned immediately after filtering alkaline solutions, 
since retained alkali may attack the disk and alter its porosity. For this 
reason they should not be used for filtering hot concentrated alkali. If 
organic liquids have been filtered, the best method of cleaning is to suck 
large amounts of water through the filter, followed by nitric acid to oxidize 
any traces of organic matter, then washing thoroughly again to remove the 
last traces of acid. If a dark coloration persists in the disk, owing to car- 
bonization of organic matter, clean the filter by placing in concentrated 
sulfuric acid to which about 10 per cent by volume of nitric acid has been 
added, and gradually heating under a hood until the dark color disappears. 

III. Washing Precipitates. —The object of washing a precipitate is to 
remove as much as possible of the liquid containing dissolved material, 
while redissolving as little as possible of the precipitate. To do this, the 
methods of washing must be modified according to the precipitate being 
handled. All possible cases cannot be considered but the following general 
principles apply in most instances: 

1. Iii quantitative work on precipitates the size of the filter used should 
*' ‘ the amount of liquid to 

be collected on a small 


2. The filter should be of such a size as to lioiil the precipitate without 
overflowing, while permitting the use of a sufficient amount of washing 
liquid. In general, the precipitate should not fill the filter more than 
half full. 

•5. The liquid should ne\ er completely fill the filter, and the upper edge 
of the filter must be carefully washed with a stream from the wash bottle. 

1. To save time, and to prevent rcdissolving any of the precipitate since 
no precipitate is completely insoluble, the amount of washing liquid should 
he as small as possible. Amorphous and gelatinous precipitates need more 
washing than crj stallinc or granular ones. 

a. Let the washing liquid drain as completely as possible before adding 
a fresh portion. 

H permissible, use hot water instead of cold water since it passes 
through the filter more rapidly. 

t. It is usually desirable to test the last of the washings to make sure 
that all soluble matter has hceii rctmned. 

IV. Weighing Precipitates.— 1 . Drying Precipitates.— liefore a precipitate 
ran l>c weighed, it must I c dried. If precipitated on a Gooch crucible or 
MUidnr apparatus the usual practice is to heat it to 10o° C., in an oven 
for thirty to sixty minutes, cwl to n>»in lunpemturo in a desiccator, then 
weigh, this is tile simplest method of determining the weight of a pre- 
t ipitatc. and is preferable, « hence cr practicable, to die methods which 
MmW. 


“ IP«loa ot rnagdiun.-Tliu method in uhich On- precipitate i, 
! , r !‘ Ur \ “ e '"“re" 1 !>.'• il-clf ia a loop of platinum 
»ne. the i'll added to the main |<art ol the prteipitatc and the mixture 
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then ignited to constant weight, is used in those cases where the ignited 
substances will be reduced by the burning paper, viz., precipitates of silver 
chloride, lead sulfate, bismuth oxide, etc. This method is less used than 
formerly. For details, see the references at the end of the chapter. 

3. Wet Ignition of Precipitates.— Precipitates which arc not altered by die 
products of combustion of paper, may be ignited wet. I’ut die filter and 
precipitate in a crucible, with the paper folded so dial the precipitate is 
not exposed, and so that moisture will be expelled through a layer of 
paper and not directly to die air, to prevent lo»s by spattering. Incline 
the crucible on a triangle, with die cover inclined against the upper edge 
of the crucible and resting upon the triangle. Direct a gentle flame against 
the cover. This dries, dien carbonizes, and finally burns the filter. Then 
move the flame to the back of the crucible and slowly increase the temper- 
ature until the crucible is subjected to the full heat of die burner. Cool 
the crucible in a desiccator, then weigh. 

TITRIMETRIC METHODS 

I. Volumetric Glassware.— Pipets, burets, and volumetric flaaks are 
used for accurately measuring liquids by volume. Graduated c% finders are 
used for less exact measurements. The bell-shaped graduates used in 
pharmacies are not accurate enough for use in the chemical laboratory. 

Pipets, burets, and volumetric flasks are commercially available in 
four different grades. The “student” or educational grade is the least 
accurate. Next comes the “retested" grade, which is sufficiently accurate 
for ordinary quantitative work. The “precision” grade supposedly fulfills 
the requirements of die U. S. .Bureau of Standards, but each item is not 
tested, and certificates of accuracy are not furnished. The highest grade 
of glassware available is “certified," meaning that each piece has been 
tested by the Bureau of Standards and found to comply with its specifica- 
tions, tlien etched with the official certification stamp. A certificate is 
furnished with each piece. 

II. Use of Volumetric Glassware.— It ‘is absolutely essential that all 
volumetric glassware be properly cleansed. Traces of oil or grease on the 
surface of the glass make drops of solution cling to die walls with con- 
sequent incomplete emptying or drainage. This holding back of drops of 
solution introduces serious errors into determinations, especially in the 
case of pipets. When only a thin film of liquid remains on die surface 
after draining, die glassware is satisfactorily clean, but die presence of 
drops indicates grease and dirt. For cleaning meUiods, see page 354. 

1. Pipets.— Pipets are essentially tubes, narrowed at eidier end, and 
adapted to contain or to delh er a definite amount of liquid which has 
been drawn in by suction up to a definite mark, and retained by closing the 
upper end. 

The Ostwald-Folin type of pipet, with a relatively large oval bulb and 
a short delivery tip, is usually calibrated by the manufacturer to deliver 
the fixed quantity by blowing out the last few drops remaining in the 
delivery tip. Such pipets are marked “TD” (to delher), or sometimes 
merely “delivers” and are etched with a single or double broad band near 
the top. With such Ostwald-Folin pipets, always blow out the last few 
drops. 
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Other bulb pipets (occasionally including some of the Ostwald type) 
are sometimes marked “TC" (to contain). In exact work they must be 
rinsed out thoroughly with the diluting solution used in the particular 
analysis. 

Transfer pipets, with a cylindrical bulb approximately in the middle, 
are calibrated to deliver a fixed volume. Never blow out this type of pipet, 
but allow it to drain freely, then bring the lower tip of the pipet in contact 
with the surface of the liquid in the receiver and gently draw it up the wet 
wall, holding it there for a few seconds to allow as much liquid as will run 
out, to do so. 

Mohr type pipets are graduated to deliver a fixed volume and also 
decimal fractions of this volume. Such pipets should be blown out if 
graduated to the tip, but the final graduations of the tip are frequently 
inaccurate, so that the graduations on the taper of the tip should not be 
used if a number of portions of liquid are being measured out of one filling. 
In using other portions of the pipet, control the outflow with the finger to 
permit the walls to drain. 

2. Burets.— Burets are rather similar to graduated (Mohr) pipets, since 
the greater part of the cylindrical portion is graduated into subdivisions. 
Instead of being held in the hand, burets are fixed in a vertical position 
to a ringstand or similar support, and draining is controlled by a stopcock 
or pinchcock at the bottom, the top end being open to the atmosphere. 
In reading, the lowest point of the meniscus is noted. The eye must be at 
level. Burets should always drain cleanly. If they do not, pour 
the bore full of some form of warm cleaning fluid (see p. 355), and allow to 
stand for thirty minutes or longer, drain, rinse with distilled water, and test 
for completeness of draining. 

The glass stopcocks of burets require special care. They must be kept 
v an d lubricated to prevent “freezing.” For lubricants see page 355. 
n emergencies petroleum jelly (“vaseline”) can be used. Use a minimum 
■ lubricant or the bore of the stopcock may become obstructed. Remove 
“T k . : r * can t before applying fresh. Commercial lubricants such as 
UbnseaV’ are convenient and good. 

^solution, of alkalies should not be allowed to stand overnight in burets 
glass stopcocks, since the latter may “freeze.” Rinse such burets care- 
u y with distilled water after use with alkali. For methods of removing 
. Stopcocks, see page 35G. For measuring strong alkalies the buret 
tub* sto P coc ^ * 3 frequently used. Attach a short length of rubber 
,n g and a short glass tube drawn out to a point to the buret tip. Insert 
f 8 ,ass l i : . i : ■ . . l Bunsen” 

■ , and by 

"hT} 3 °k V ' "“ «*- V..J - through 

are d* i may run out. Make sure that no entrapped air bubbles 

liver since this will give an error in the volume of liquid de- 

tiaies used tCa<1 ^ lc ^ ass an ordinary spring pinchcock is some- 

Ijpj^p^bration of Glassware.— As supplied by the Army Medical 
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1. Volumetric Flasks.— Cleanse and dry the flask, then weigh it on a 
■ ■ * ‘ Y ’ consideration the 

■ ‘ • . . lo 1 part per 1000; 

. o 0 . to 1 gin. Instead 

of weighing the flask, it may he counterpoised with shot. Calculate the 
weight of water necessary to fill the flask to the mark at the proper temper- 
ature from Table 14 and place this weight on the balance pan. Fill the 
flask with distilled water, which has been freshly boiled and cooled, until 
balance is attained, making sure that no drops of water adhere to the 
neck of the flask. Mark the lowest point of the meniscus with a wax 
pencil sharpened to a chisel edge, then etch in the mark or make a scratch 
mark with a diamond pencil or sharp file. 


Table 14 — Ai-paREnt Waiairra and Volumes or Water Weujued ri 
(For use in calibration of volumetric apparatus) 

Air 

Temp , 

Wt of 

Vol of 

Tnnp., 

Wt. of 

VoLof 

•c. 

1 cc 

t tea. 

•c 

1 cc 


IS 

0 9979 

1 0021 

23 

0 9966 

1 0034 

16 

0 9978 

1 0022 

24 

0 9961 

1 0030 

17 

0 9977 

1 0023 

25 

0 9901 

1 0039 

IS 

0 9975 

1 0025 

20 

0 9959 

1 0011 

19 

0 9973 

1 0027 

27 

0 9956 

1 0011 

20 

0 9972 

1 0023 

23 

0 0951 

1.0010 

21 

0 9970 

1 0030 

29 

. . 0 0951 

1 0019 

22 

0 9968 

1 0032 

30 

0 9943 

1.0052 

Note 

The figures in this table, from Laadolt and Bdrnstein'a "Tabcllcn,' 

" are based 


on the weights of water per cubic centimeter which must be weighed into a glass vessel under 
ordinary conditions in order to indicate the mark to which the \ essel must be filled with 
freshly boiled and cooled distilled water so that it will contain the desued volume at 20® C. 
Corrections for the buoyant effect of air upon vessel and weights aro includod. 

2 Pipets. — (a) For Delivery .— Weigh the water delivered into a weighing 
bottle containing a layer of paraffin oil a few millimeters thick to prevent 
evaporation. If the original mark is not accurate, make another with a 
wax pencil and test the pipet again. Continue until the mark is located 
correctly, then etch or mark with a file. 

The weight of 1 cc. of water at any temperature from 15° to 30° C. may 
be found in Table 14. 

(6) For Uncalibratcd or Repaired Fipds .— Transfer and Ostwald pipets 
with broken delivery tips may often be repaired but must then be recali- 
brated. Make a mark on the stem a definite distance, such as 50 mm., 
above the old calibration mark, using a chisel-edged wax pencil. Weigh 
the water delivered when the pipet is filled to each mark. From the differ- 
ence in the two weights, the weight of water contained in each millimeter 
length of the stem can be calculated. -Place the new calibration mark the 
correct distance above the old one and test by weighing the water de- 
livered. If correct etch in the new mark. 

Example : The weights of the water delivered at 20 ° C. by a 10-cc pipet from two 
preliminary marks 50 mm. apart are 9.900 and 10.275 gm , respectively. Hence 

the weight of a column of water between marks is 0.375 gm. or njjp = 0.0075 gm. 
per millimeter of column length. The weight of 10 cc of water at 20° C. is 9.972 
gm. or 0.072 gm. more than that delivered from the lower preliminary mark. 
Hence the correct mark is Q *=9 6 mm. above the lower mark. 
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(c) Calibration of Pipets to Contain . —Fill the pipet with water from a 
weighing bottle which has been weighed before and after. From the 
weight of water contained, calculate the volume from the data in Table 14. 

3. Burets.— To calibrate a buret of 25- or 50-cc. capacity, fill it with 
water to a point slightly above the zero mark. Run out the water slowly 
until the bottom of the meniscus just touches the mark. Wait a minute 
for complete drainage of the walls to take place. Adjust the meniscus 
again to the zero point if necessary. Remove excess water from the tip of 
the buret. Then run a 2-cc. portion into a weighing bottle containing a 
little liquid petrolatum, bottle and petrolatum having first been weighed. 
After delivering the 2-cc. portion, touch the drop adhering to the tip to the 
surface of the petrolatum carefully so as to rcmo\c it. Weigh the bottle 
and contents. Continue with 2-cc. portions over the entire range of the 
buret, then take the temperature of the water. 

Multiply the weight in grams of each portion of water by the volume of 
1 gin. at the observed temperature, as taken from Table 14, in order to 
calculate the actual volume delivered. From the actual volume delivered, 
make a table of corrections. 


IV. Indicators.— Indicators arc compounds, usually organic, which 
indicate the pll of a liquid by means of the color which they give. The 
colors, or changes in color, arc ascribed to specific arrangements or re- 
arrangements in the molecule of the indicator. The chemistry of the color 
changes is complex, and will not be considered Imre. 

Although the distinction is not a sharp one. indicators may be roughly 
dassed into two types: (a) Titration or endpoint indicators which give 
a rather sudden shift of color at some particular pH. Such indicators are 
discussed in this chapter. The second type (6), consists of indicators 
winch undergo a rather gradual and uniform alteration in color o\er a 
considerable range of pH, within which range they are useful in determining 
the pll of solutions. They are discussed under Ifvdragen Ion Concentra- 
tion, Chapter XIV. 

1. Phenolphthalcin. -This is probably the uio,t commonly useful indi- 
cator in titrations. It is suitable for titrating organic and inorganic acids 
with strong bases, or vice versa, but docs not give a clear cnd|K>int in the 
presence of ammonia or ammonium silts. Inc free CO* in ordinary 
distilled water causes an appreciable error, particularly if (),1 or q.Qj 
acids and alkalies arc used In tit rating from the acid side, it gi>cs 
cnlorlcM to pink at about pH S.2 1 he pink drepem , a$ the pH inenas* 

but at alxmt pH 10 the color dix.ipjx--.rs again, ihii must lie rvim-ml 
1* red if verv Mrangly alkaline solutions un* mvolvcj. The indicator is 


Usually used in 1 p« r cent solution. u o gm. in 3) cc. of % j^r cxilt 

alcohol, dilute to SO cc "hh water. niter « f.« c^uy, and place in a u) < r 
dropping iKittle T^Ho ldn.pMHP »‘»^v of H4un«m to be titrate 
2. Methyl OW (Tropcolin D)--'ln alkalu.e tin, indicate 

itiw, rlui.au.- ml ’ S I.« ..01 

... ti.c " r v. ^ . 
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since if too little indicator is used, the red color will not appear in acid 
solution, probably owing to hydrolysis of the indicator in the presence of 
excess water. It requires a certain degree of practice and experience to 
obtain satisfactory titrations with meth\ 1 orange. 

3. Methyl Red.— This indicator is useful in titrating weak organic bases 
and ammonia. It is not very sensitive to carbonic acid, but is more so 
than methyl orange, so that it is less suitable for the titration of carbonates. 
In alkaline solutions it gives a very pale yellow down to pH 6.2 shifting to 
violet-red at pH 4.2 and below. Titrating w ith a strong acid such as HC1, 
the shift from yellow to red is very abrupt, no intermediate color being 
noticeable. The indicator solution contains 0.02 gm. of methyl red dis- 
solved in 100 cc. of hot water and filtered before use. Add 2 to 3 drops 
for each 100 cc. of solution titrated. 

4. Other Indicators.— Various other titration indicators are used for 
special purposes. For a summary of the characteristics of the more com- 
mon titration indicators, see Table 15. 


Table 15 — Indicators 




pU 

Color 

Preparation 
■ of indicator 

Principal uee* in 

Co nuncio name 

Chemical Mine 

range 

Aod 

Alkaline 

•olution 

titration 

Tipler'a reagent 

p-Dimethjlaminuaiohen. 

2 8-4 

Red 

Yellow 

0 4% 
alcoholic 

Tree HCI in gistne content! 

Methjl orange 

Sodium dimclh) lammo* 
axobeniene »u 'donate 

3 1-4 4 

Red 

Yellow 

0 02-0 l % 

Mineral tad* and (Song 
Uaee. mineral aod! la pres- 
ence of carbonic acid 

Congo red 

Sodium tetrajodiphenjl- 

MphthlOMM 

3-S 

Blue 

Red 

a j% 

alcoholic 

Titration of weak b»«* and 
ammonia by mineral a dde 

Mesh] 1 red 

oCarbaxybenxeneaiodi- 

4 2-6 3 

Red 

tellow 

0 02% 

Titration of weak Laeea and 

Ahiana red 

Sodium aluarin monoaul- 

4-4 

Yellow 

Purple 

i% 

aqueoua 

Total acidity of gaatne con- 
tent! except combined HCI 

Nitraxine paper 

Sodium dmitTOphenj)- 

■ iiir ■ j.Vi 1 ViT difiitforvala 

4 4-7 4 

Yellow 

Blue 

Paper or 
eoluUo# 

Approximate pH urine 

Litmua paper 


4 4-8 3 

Red 

Blue 

Paper 

Reaction of urine, reaction of 

Fhenolpbtbalem 


8 3-10 

Colce- 

Red 

0.1-1% in 
40% tl- 

Titration of among addl and 
Uiee. ergame aadj by 
itrong baoca 


V. Standard Volumetric Solutions.— 1. Definitions.— (a) Molar Solutions. 
—A molar solution of a chemical compound is a solution containing 1 gram- 
molecule of the compound in 1 liter of solution. The molecular weight in 
grams of the compound is dissolved in water or other solvent and made up 
to 1 liter. A gram-molecule is also known as a “mole." For example, the 
molecular weight of sodium chloride is 58.454, so a molar solution contains 
58.454 gm. (one mole) of NaCI in 1 liter of solution. The molecular weight 
of sulfuric acid is 98 076, so a molar solution (abbreviated as “I M" or 
“M") contains that weight in grams of absolute HjS 0 4 per liter of solution. 

(6) Normal Solution.— A normal solution of a compound contains 
1 gram-equivalent of the reactive constituent of the compound in I liter of 
solution. By gram-equivalent b meant the amount of substance chemically 
equivalent to 1 gram-atom (1.003 gm.) of hydrogen. Stated differently, a 
normal (abbreviated as “N" or “1 N”) solution is one which contains 
1 gm.-atom of reacting hydrogen per liter of solution, or which can quan- 
titatively replace, or react, directly, or indirectly, with an equal volume of 
such a solution. 

(1) Normal Acid Solutions.— In acid-alkali titration, a normal acid 
solution contains per liter the amount of acid which has I gm.-atom of 
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both senses of the term, since it combines with oxygen to form water, 
reducing its charge of 4- 1 to 0. 

(c) Precipitation and Substitution Reactions.— In these reactions, accur- 
, ' ' * ■ , 1 1 ’■ •* , ’ * ■ 'a 

* . r ‘e- 

. ■ . ( 1 , 

((f) General Precautions.— In titrimetric analysis, it is important to 
eliminate sources of error as far as possible. When filling a buret for the 
first time, particularly after cleaning, rinse 5 times with about 10 cc. of 
the standard solution to be used, draining the buret completely each time. 
Invert or shake bottles or flasks containing standard solutions before 
pouring into burets, to rinse any coudensed moisture off the walls. In any 
given determination or series of determinations, titration should always be 
to the same endpoint, i. e., accurate results would not be obtained if the 
same acid and alkali were titrated to colorless with phenolphthalein on one 
occasion and to a light pink on another. 

In preparing many standardized solutions, the use of carbon dioxide-free 
water is essential or desirable. To prepare it, place about 1 liter of dis- 
tilled water in a 2-liter Erlenmeycr flask, boil gently for about five minutes, 
then discontinue heating, and cover the flask mouth with an inverted 
beaker. When cooled to room temperature, stopper the flask with a clean 
rubber stopper. 

For accurate work as in determining the normality of solutions, all 
titrations should be done in duplicate and the average result used for 
computations. If the two determinations do not check run others until 
checks are obtained. 

(e) Calculations.—' The fundamental mathematical expression in titra- 
tions and other volumetric reactions is: 

N' X Volume' = X* X Volume' or, X' X cc.' — X' X cc * 

In other words, 100 cc. of an alkali which is 1 X will neutralize 50 cc. of an 
acid which is 2 X. The volume of one solution used, multiplied by its own 
normality equals the volume of the other solution times its normalitv. It is 
preferable to make up a solution for standardization which is stronger than 
desired so that exact normality can be obtained by diluting. 

VI. Preparation of Standard Solutions.— A. Acidimetry and Alkalimetry. 
— 1. Standard Hydrochloric Acid (HC1 — 3G.4G). 

(a) Standard HCl by Constant Boiling Mixture Method.— The following 
method is that of Hulett and Bonner, modified by the use of the formula 
of W. II. King.* It depends upon the fact that when hydrochloric acid 
solution is distilled, the concentration of acid in the distillate approaches a 
constant concentration which depends upon the barometric pressure. 

To concentrated hydrochloric acid (sp. gr. 1.19 to 1.20, 35 to 37 per cent 
HCl) add an equal volume of water. Bring the specific gravity to 1.1 at 
25° C. by adding more w ater or more acid. Distil the mixture continuously 
at a rate of 5 to 10 cc. per minute, from a distilling flask attached to a con- 
denser having a straight inner tube. Apparatus with ground-glass joints is 
preferable. If not available, use rubber stoppers in preference to cork 
which is attacked by HCl. It is best to distil large volumes, 1 to 1.5 liters 

* Jour. Assn. Off Agr. Chemists, 25, G53, 1942. 
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ma - v distilled in a 2-liter flask. To prevent superheating 
iklch causes i variation in tile concentration of liCl in tile distillate, put 
seieral small pieces of glass tubing in the distilling flask. Electrical 
the ‘f est . T c5llIts - If a flame is useil for heating, the flask 
iSMl* ?, r0t , eCte f w *th sheet asbestos so that hot gases from the flame , 
strike Um flask only at the bottom. After three-fourths of the mixture 
nas been distilled, change receivers and collect the distillate, which is now 
constant boiling, until only about 10 per cent of the original volume 
remains in the flask. 

Head and correct the barometer at the end of the distillation. For most 
accurate results correct the barometer reading to 0° C., by referring to a 
table (see Reference No.4 at the end of the chapter). If such a table is 
not available, an approximate correction at temperatures of 20° to 30° C. 
and pressures of 740 to 780 mm. of mercury may be made by deducting 
-00 mm. from the observed height of mercury in the barometer. 

A he constant-boiling mixture should be preserved in a tight glass- 
stoppered bottle, labeled with the date, the barometric pressure at which 
it was distilled, etc. It will keep indefinitely. The first three-fourths of the 
mstillate should be saved for future preparations of constant-boiling acid. 

Calculate the weight in grams of constant-boiling IIC1 (G) required to 
1 ‘ve one equivalent weight of IIC1 (3G.4G4S) from the following equation; 


8>v 


JTGSO 
40S3SO 


where P is the barometric pressure of llg corrected to 0° C. This formula 
,s applicable to pressures of 510 to 780 mm. of Hg. In tins range it is 
accurate to 1 part in 1000. At procures approximating 7GQ mm. of Jig 
the accuracy is 1 part in 10,000. 

A 0.1000 N standard solution b prepared by diluting the proper weight 
(not volume) of the acid calculated from the formula to 1 liter with CCVfrce 
water. Pipet 10.1 ce. (approximately 18 gin) of the constant-boiling 
mixture into a 50-cc flask, preferably glass-stoppered to protect the balance 
•More is added or withdrawn l»y means of a medicine dropper with a g ' 
drawn-out tip, until the exact weight is obtained. The acid is then diluted 
with COi-free water, rinsed into a 1 -liter volumetric flask, and diluted to 
tuiumc at 20* C*. Further standardization is unnecessary. ° 

(6) 8’fmuhmi inn? Hydrochloric Acid against Crystalline Calcium Co «. 
innate, — Dilute pure eonccntrated hydrochloric acid with 11 \oJuuies 7 
COrfree water This gives a solution which is slightly more than I V 
Add a known volume (wy 50 or 1(X) cc ) of the diluted acid to a wci/4* i 
<-rjstal of Iceland spar (caleite, cry stallme calcium carbonate). Cover tl 
beaker or flask w ith a w atch glass. When the c\ oluliou of CO, has «.„*• i 
n.iHsl, runmc the crystal, wasli in distilleil waur ,lr\-. „ .!•' 

Then. ^*«eigh. 

.M < na nl(»C<'i'li«Ji»-l 
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both senses of the term, since it combines with o\\ gen to form water, 
reducing its charge of + 1 to 0. 

(c) Precipitation and Substitution Reactions .-' In these reactions, accur- 
ate determinations are made by precipitating or substituting by means of a 
standardized solution. In determining siher in allots, the silver is pre- 
cipitated as the chloride (AgCI) from a solution of the alloy in nitric acid, 
XaCl solution of known concentration being used as the precipitant. 

(d) General Precautions.— In titriinetric analysis, it is irnjiortant to 
eliminate sources of error as far as jvossiblc. When filling a buret for the 
first time, particularly after cleaning, rinse 3 times with about 10 cc. of 
the standard solution to be Used, draining the buret completely each time. 
Invert or shake bottles or (tasks containing standard solutions before 
pouring into burets, to rinse any condensed moisture oif the walls. In any 
given determination or series of determinations, titration should always be 
to the same endpoint, i. c., accurate results would not be obtained if the 
same acid and alkali were titrated to colorless with phcnolphthnlem on one 
occasion and to a light pink on another. 

In preparing many standardized solutions, the use of carbon dioxide-free 
water is essential or desirable To prepare it, place about 1 liter of dis- 
tilled water in a 2-liter Erlcnmeyer llask, bod gently for about five minutes, 
then discontinue heating, and cover the flask mouth with an inverted 
beaker. When cooled to room temperature, stopper the flask with a clean 
rubber stopper. 

For accurate work as in determining the normality of solutions, all 
titrations should be done in duplicate and the average result used for 
computations. If the two determinations do not check run others until 
checks are obtained. 

(e) Ca/culafions.— The fundamental mathematical expression in titra- 
tions and other volumetric relictions is: 

N' X Volume' » X' X Volume' or, X' X cc/ »■ N‘ r X cc ' 

In other words, 100 cc. of an alkali which is 1 X will neutralize 50 cc. of an 
acid which is 2 X. The volume of one solution n •. 


ucsucu so iiiuL exact normality can be obtained by diluting. 

VI. Preparation of Standard Solutions.— A. Acidimetry and Alkalimetrj . 
— 1. Standard Hydrochloric Acid (IIC1 = 36 -16). 

(a) Standard HCl by Constant Boiling Mixture Method .— The follow it 
method is that of Hulett and Bonner, modified by the use of the forum 
of W. H. King.* It depends upon the fact that when hjdrochlorie u< 
solution is distilled, the concentration of acid in the distillate approachi 
constant concentration which depends upon the barometric pressure. 

To concentrated hydrochloric acid (sp. gr. 1.19 to 1.20, 35 to 37 per r un 
HCl) add an equal volume of water. Bring the specific gravity to 1.1 .a 
25° C. by adding more water or more acid. Distil the mixture continuon- l \ 
at a rate of 5 to 10 cc. per minute, from a distilling flask attached to a con- 
denser having a straight inner tube. Apparatus with ground-glass joints h 
preferable. If not available, use rubber stoppers in preference to cork, 
which is attacked by HCl. It is best to distil large volumes, 1 to 1 .5 liters 

* Jour. Assa. Off. Agr. Chemists, 25, 653, L&42. 
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-any la „ 204.,,. In 
s.um hydrogen phthalate, potassium P^t® (potas- 

file best quality is that furnished by 5, e “ s » * P ?? ary sta »dard. 
he grade prepared by commercial manuLeturem ?„?“ ° f ., Sta " d .^s, but 
is nearly as satisfactory. Let the phthalateTtaJ,? Stenda , rd ‘^"S alkali 
dish in a desiccator over technical &n n! te d overa « 1 ' t in a Petri 
Normal solutions cannot be prepared since the^KH moisture - 

on am y S0,llb,e ln water To make a 0.1000 N ,s ins| d'- 
^0.414 gm., and make this to a volume of 1 ? ut ““fly 

Standardize NaOH .against this snl»#. 7 >. • ter , %v,t ^ C0 2 -free water 

standardized NaOH sofution can then be used Xjtf ^urT' Tbe 
acid solutions. The 0 1000 X phthalate solution mm Z e HCi or other 
months in a refrigerator, but if evidences of mold IJ2!J“ ,!P !w seVeral 
the solution. la 8 tow tn appear, discard 

standar<i Alkali Solutions. -Standardized KOH , .. 

prepared by a method analogous to that for NaOH In nr ^ “lutiona are 
tzed barium hydroxide solutions, CO, -free distiilS’ wate*? Pa ?“ S stand ard- 
smee some insoluble bicarbonate is always preset in anv “l be USed - 
removed by filtration before standardizing. Remember t? a " d “ Usl be 
so u ion of Ba(OH), is half molar. In stLdardS " a a ? ormal 
solutions, use methyl orange indicator. ^ sodium carbonate 


Tasus 16 -Temperature Correction per 1000 Cc rn» xr 
Solutions for Reaction of Volume to Standaro T&%££ 

Water ‘•kpkraTbRe of 20° C. 


Tempera! ui 
15 


16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


'Voter 
and 0 1 N 
solution 
+0 77 
+ 0 64 
+0 49 
+ 0 34 
+0 17 


N11CI 
+0 97 
+ 0 79 
+0 61 
+0 41 
+0 21 


I N UtSOa l N U,C,0, 
+} 30 +j Q5 


+ 1 U 
-fO 81 
+0 55 
+ 0 28 


+ 0 85 
+ 0 05 
+0 44 
+0 23 


J N KOI! 

+ , s\°" 1 * »*■«>, 

+ i 33 +1 29 


-0 1 


-0 39 
-0 CO 
-0 81 
-1 04 
-1 2S 
~1 S3 
-1 SO 
-2 05 
-2 33 


-0 22 
-0 44 
-0 67 
-0 91 
-1 17 
-1 43 
-1 70 


-1 < 


-2 26 


-0 28 
-0 56 
-0 85 
-1 15 
-1 46 
-I 78 
-2 11 
-2 45 
-2 79 
~3 13 


+ 1 08 
+0 82 
+0 55 
+ 0 28 


~Q 24 
-0 49 
-0 75 
-1 02 
-1 29 
-1 57 
-1 85 
~2 04 
~2 44 
-2 77 


+ 1 05 
+ 0 80 
+0 54 
+ 0 27 


~0 29 
-0 59 
-0 90 
-1 21 
'1 52 


~1 1 


■JO -2 33 -2 55 ~3 13 -2 77 2 84 

Note, The figures lor water and 01 N solutions are annlienKi ~ 3 19 „ 

weaker and also to 1 N solutions of sodium chloride. le all *olti(, on , n 

Example (1) In a titration 40 15 cc of NIIC1 were used at . W or 

At the standard temperature of 20° C , this amount of solution wo ^ d tem P e ratu re Qf , 

4R „ _ U 0Ccup y » volume „/£* 


~2 17 
~2 50 
~2 84 
-3 19 


-0 28 
~0 50 
~0 85 
-I 15 
-l 46 
-1 77 
-2 09 
-2 41 
~2 75 
3 09 

‘on a 0.l,V 0 


4Q 15 X 0 6 7 

9 - 46 12 


'he table th«. i 


®*lver nitrate prepared at the standard temperature of 20® 


* WJI53 >6ina Ml l«er , a* tIl , erefor «. 


Jor the solution If the actual number of cc. of solution usedin^.^* 8 number f ®?/ utloa of 
tf »a factor, tbe result will be the number of cc. of an e Mc(J n “ * J ‘‘trstion be m7i.. f *Ctor 

4 oartlv th.t ur u -t N a, Ultmt5 IM » ... 


(31 A liter flask is calibrated to hold exactly that x-olum e ^f^0®r?° lution * * Q>Ultipl 'ed by 


N*6ll ia prepared at 25® C The table shows that the soIrfiLtP* ^ A norm „ i , 

5®* C exactly M2 cc lass, so in order to make theaoIut wn „^, al 25* c would' Utioa 


should be added. 


• 01 water 
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5 Volume Corrections for Standard Solutions.— In preparing all standard 
solutions and in making all measurements in volumetric flasks, the solution 
should be at the same temperature at which the flask was calibrated. 
Minor variations in temperature introduce only slight error. For the most 
exacting type of work corrections as shown in Table 16 must be applied. 

B. Oxidation and Reduction Reactions.— 1. Standard Potassium Perman- 
ganate Solutions. — KMnO* = 158.03. If used as an oxidizing agent in 
acid solution (see page 153), one molecule of KMnO* will oxidize 5 atoms 
of H or the equivalent. Therefore, a 0.1 N solution will contain l/50th of 
a mole of the salt, or 3.161 gm. in 1 liter. A solution can be made with 
fair accuracy by directly weighing out and dissolving this amount of 
crystals. However, the solution tends to become weaker by reduction of 
traces of organic matter in the distilled water, liberating Mn0 2 which 
further catalyzes the decomposition so that the solution rapidly loses 
strength upon storage. 

Add 3.2 gm. of KMnO* to a liter of distilled water in an Erlenmeyer 
flask and boil gently for ten to fifteen minutes. Cover the flask with a 
beaker. After standing overnight, filter the solution through asbestos on a 
Gooch crucible, or better yet, a firm layer of asbestos on a plug of glass 
wool in a conical funnel, filtering by gravity. 

Dissolve a carefully weighed amount, 0.25 to 0.3 gm. of pure sodium 
oxalate previously dried for an hour at 105° C., and cooled in a desiccator 
over CaCl 2 , in 200 to 250 cc. of hot water (80° C. or higher) in a 600-cc. 
beaker Cautiously add 5 cc. of concentrated sulfuric acid. Titrate with 
the KMnO* solution, stirring the liquid vigorously and continuously with a 
thermometer, holding the temperature above 60° C. Add about 40 cc. 
of the KMnO* over a period of about two minutes. Add the last of the 
KMnO* solution slowly, allowing each drop to become decolorized before 
the next one is added. The endpoint is taken when a faint pink color 
persists for thirty seconds. 


Normality of KMnO* 


gm. of s odium oialate 
cc. of KMnO* x 0 067 


The value of 0.067 is the milli-equivalent of Na oxalate 
If the normality of the KMnO* solution is near 0.1 N, it is commonly 
used as it is, and the 0.1 N equivalent calculated by multiplying the cc. 
used in any titration by the normality factor. It is best preserved in a 


accurate, but are of wide applicability. The fundamental reaction is 
the com ersion of sodium thiosulfate and free iodine to sodium tetrathionate 
and sodium iodide. 

2NaiS:0* + Ij -* 2NaI -f Na,S.O. 

2S,0» + I» -+ 21 + S.O. 

The method can be used not only to determine free iodine, but also 

The indicator used is 
■ i free iodine, the colu 



w< i it 'li- 


no 


TIT fit Ml //.V» 


Starch Indicator Solution In '•<’ n ■ ; ixj.ui; water add 1 gin, of 
soluble starch, stirring with .1 id rod until dilution is complete, then 
dilute to 100 ce. with cold water Mart h indnutor solutions often deterior- 
ate by becoming moldy aft* r a h w <I.i\ - Hu-* change may be prevented 
or retarded by dissolving 1 gin i»i -ihcxlu a< id m the water used in pre- 
paring the solution. In the .ihwiic c of Miluhlr ^tarth, an indicator solution 
can be made by adding 1 gin of ordinan cornstarch to 100 cc. of water, 
and gradually bringing to a boil, while stirring vigorously to prevent 
burning. A clear bcnsitix c solution max also be prepared by extracting 
the breakfast food “Puffed Kice" w it h water 

Potassium Dichromate, 0 1 N Kd r : < b = 1101 20. This salt liberates 
iodine from iodide according to the equation: 


KiCr.Oi + OKI + Him • mn. + 8KD + 61 + 711,0 


Since one mole of the diehroniatc oxidizes or liberates G atoms of I from KI, 
and each atom of I is equivalent to one of hydrogen, a liter of normal 
solution of KjCr s O; contains one-sixth of a mole and a tentli normal solu- 
tion one-sixtieth of a mole. Therefore, dissolve -1.903 gin. of pure K 2 Cr,0 7 
(dried in a desiccator if the atmosphere is damp) in distilled water and 
make to a volume of 1 liter in a volumetric flask. This standard solution 
is stable for several months at room temperature in a well-closed container. 

3. Sodium Thiosulfate, 0.1 N.— XajS-Oj'oIliO = 2-1S.20. Dissolve 20 
gin. of iVa thiosulfate in 1 liter of distilled water which need not be C0 2 -f ree . 
Pipct exactly 25 cc. of 0.1 N potassium dichromate into a GOO-cc. beaker 
containing 50 cc. of water, 10 cc. of concentrated IIC1, and 3 gm. of KI 
(weighed only to the nearest 0.1 gm.). A brown color is produced by the 
liberation of I. Cover the beaker, let it stand in the dark for five minutes 
for the reaction to proceed, then add 300 cc. of water and titrate with the 
Na thiosulfate solution. When the brown color lias paled, add about 3 
drops of starch indicator solution, and titrate to the disappearance of the 
blue iodo-starch color- 


Normality of thiosulfate 


cc. of dichromate solu tion 
cc of thiosulfate solution 


■ 'Sled to exactly 0.1000 N 
b e Preferable not 

solutions ’frequently undergo gradual decomposition, with th’c liberathl^'t 
free sulfur and a reduction in normality. This decomposition 7 i° 
greatly delayed, and a standard.zed solution preserved for ahn,,? 
months, if about 10 cc. of 0.1 N fsaOH js added at the time the Mr,, i. SLX 
is dissolved and made to 1 liter. thiosulfate 

4. Iodine Solution, 0.1 N,— I = I2G.92. In a glass contai 
trip scales, weigh out 13 gm. of solid iodine. Dissolve 30 am r°?-r <lle 
about 250 cc. of water. In a liter cylinder or volumetric flTY “ • 1,1 

iodine with the KI solution until it is completely dissolved rtf ’ “« 

to 1 liter with distilled water. Standardize by titrating in’ “ en . “ ake up 
ardized thiosulfate solution, using 3 drops of starch Tflt .' 1 ' 1 ™ stand - 
toward the end. a or solution 

Normality of iodine solution = — — normality 
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FLUOROMETRY 

Fluorescence is the property possessed by certain substances of emitting 
radiation of a different wave length, usually a longer one, than that which 
falls upon them. Thus certain substances, usually in solution, may be 
quantitatively determined by measuring the amount of visible light which 
they emit when invisible ultraviolet light shines upon them. The method 
has been increasingly used in recent years, particularly in the determination 
of vitamins, atabrine and quinine, and other substances in low concentra- 
tions. A similar procedure is also applicable to the qualitative detection 
of certain substances in the dry state. Since only a few specialized Army 
laboratories are at present equipped for fluorometry, details of the methods 
will not be given. 

CHROMATOGRAPHY 

Chromatography, sometimes known as the chromatographic analysis of 
Tswett, from the Russian botanist who devised the method, is a procedure 
in which a solution containing two or more dissolved substances is drawn 
through a column of some adsorptive solid which is insoluble in the solvent 
used, for the purpose of adsorbing the dissolved substances upon the 
insoluble material comprising the column. With a proper choice of solvent 
and of adsorbent, the dissolved substances will adsorb on the solid in 
different portions of the column, depending upon differences in their 
chemical structure. They may thus be separated, and purified by appro- 
priate treatment. 

The method has been of increasing importance in recent years, particu- 
larly in the separation of the complex mixtures of pigments which occur in 
plants and in animal tissues and body fluids. It may also be used for the 
separation of colorless substances. The use of chromatography permits the 
separation of substances which could not readily be isolated in any other 
fashion. The subject is too extensive to be considered in detail here. For 
technics and applications of the method, see references Nos. 5 and 6 
at the end of the chapter. 
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HYDROGEN ION DETERMINATION 


and conjugate proton acceptor ( e . g., acid anion) which determines the 
state of that system. For example, consider the pH of the blood which 
is 7.4. According to the old definition of pH we were inclined to place 
emphasis on the calculated hydrogen ion concentration which is only about 
0.000,000,04 normal. A quantity at this concentration can have little 
physical effect in and of itself. What has always counted is the use of 
such a “calculation value” to determine the ratio of the considerable 
concentrations of each acid and its corresponding anion. What is also 
emphasized anew is less the absolute values of these concentrations than 
the more direct relation of pH to what may be called, in non-tcchnical 
language, effective concentrations, or, more properly, “activities.” 

Attention may well be called to another aspect. Frequently the solutions 
studied for biological purposes are too complex for detailed analysis; or 
else there is no occasion to make the detailed analysis. For example, the 
growth of a bacillus may depend upon the states of the foodstuffs, enzymes 
and tissue components which are proton donors or acceptors. Although 
the parts played by each of these may be unknown, there still may be 
established empirically a correlation between growth and the pH number 
of the culture ujedium. Such empirical studies, which dodge the detail of 
particular relations among sets of specific proton donors and receptors, 
legitimately employ pH as the more direct measure of the general state of 
affairs with respect to equilibria among acids, bases and their salts. 

If the hydrogen atom be given the symbol H, its nucleus, the proton, 
may be designated by II + . In water solution there are doubtless no “free” 
protons but those which have escaped from acids are combined with water, 
so that the hydrogen ion in water solutions is II* + 0. 

A few examples of proton donors and the corresponding proton acceptors, 
examples which represent different types, are shown in Table 17. In the 
third column are the values of pK' the number of which corresponds to 
the pH value at which the ratio of the concentration of the proton acceptor 
to that of the corresponding proton donor is approximately unity. 

For details consult reference 1 at the end of this chapter. 

Table 17 


Proton donor* 

H, + 0 (hj drogen ion) 

H 2 0 (water) 

HAc (acetic acid) 

H» POi (primary phosphate anion) 
NH< + (ammonium cation) 
CH,NH. + 

I (glycine cation) 

COOH 

CH,NH« + 

1 (glycine dipole ion) 

coo- 


Proton acceptors 

H,0 (water, simplest molecule) 

OH" (hydroxjl ion) 

Ac (acetate anion) 

H“PO,~ (secondary phosphate anion) 
NHt (ammonia) 

CHjNH, + 

(glycine dipole ion) 

coo- 

CHjNHi 

! (glycine anion) 

COO- 


4 7 


e s 

9 4 


II. Buffer Action.— A mixture of a weak acid and its alkali salt, a mixture 
of an amino acid and its sodium salt or hydrochloride, proteins, and 
indeed, a great variety of materials when in water solution exhibit the 

_ or alkali 
' pH than 
i is added 

- r * - solutions 
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exhibiting the effect are called buffer solutions. For a mixture 0 / a simple 
acid and its salt the effect is maximal at a pH value corresponding to the 
pIC value and falls off gradually on either side, becoming practically useless 
at about 1.5 units of pH greater or less than the value of pit'. The effect 
is also, of course, a function of the concentration of the buffer system. 
Buffer solutions have innumerable uses. We shall confine attention to 
their use as the practical, secondary standards for the following methods 
of determining pH numbers. 


METHODS 

I. The Glass Electrode.-Of the several designs of cells containing a 
glass membrane the following is the more common. 

Pt, Ag, AgCl I IIC1 1 Glass membrane | Solution X f KCJ (Sat.) HgCI f H* 
ob c d J, 

If the above scheme be read vr*' u ** - : * * • * 
construction, we have the follow 
there is a difference of potential. 

and this in turn is coated with silver chloride. When* this electrode is 
immersed in a definite solution of hydrochloric acid there is a difference of 
potential at a between electrode and solution, determined by the con- 
centration of chloride. This silver : silver chloride electrode i. 
within a . . 

Solution • . ■ 

the glass raeraorane there is a difference of potential 6°+ c 'vhichTT? 
good glass membrane, is in linear relation to the difference t..«eLL.L 
pH number of the standard hydrochloric acid solution and the bS ? 
ofsolutionx To complete the cell, liquid junction is made with a^saturated 
KC1 solution which in turn is m contact with mercury overlaid withZi i 
the electrode potential being e. If we assume that the ™ 
solution of KC1 reduces the liquid junction potential at d to a sm* 
negligible value, all potential differences arc constat Lcenr tb r 3nd 
the glass membrane and this is in linear relation to the nHvd 1 ??i? 5 
unknown solution X under test. First the system is standardir' J h ° f ^ 
in succession several secondaty standards which are the buff usm « 
Table 19 Each is placed on the outside of dTe n "'T- ° l 

between the pH numbers and the over-all potentials of Tre relatlon 

linear, at constant temperature, between about pH 1 and 9 a !nfj? c SU ^ iy 
the relation permits the reading of the pH number of the IS' , T“ S 

r/r^r^u ^ 1 016 

and interpolation is preferable to reliance on a theorcfal^a&n ft 

Since the resistance of the glass membrane is uwnlh, !.• c , 
which will permit the use of an ordinary galvanometer » *"sj>er than that 
meet in the potentiometric mcasuremrift of the cell'd,™ 11 P<nnt instru- 
instruments make use of the electron tube in mill a ,“° re c °““°n 
arc many designs of instruments used for this nZT dl l lecto rs. There 
represent tire latest improvements in engineering 1 Tb S °“ e oi tiem 

accompany die better instruments, should be fnlliLC, .T tt ? ctIons > "hidl 

The ease and rapidity with which ^^CS'made often 
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lead an operator to a false sense of their precision. Obviously the precision 
depends in the first instance on the care taken to make the standard buffer 
solutions meet specifications and upon the good technic with which they 
are used. Both glass electrode and potentioinetric instrument are subject 
to idiosyncrasies which sometimes require good technical knowledge to 
trace There are also a number of well-known sources of error for the dis- 
cussion of which the reader should consult reference 2 at the end of this 
chapter. Particular attention should be gi\en to electrical leakage over 
damp surfaces especially in humid climates. 

II. Acid-base Indicators.— An acid-base indicator may l>e defined for 
present purposes as a substance which, in aqueous solution, exhibits unique 
absorption of radiant energy and which, on gain or loss of a proton, exhibits 
another unique absorption of radiant energy. For \ Luul observation of a 
color-change which occurs with change of pH, at least one of the species 
should absorb in the visible part of the spectrum. 

Reliable indicators obey the law: 

, concentration of species 2 

** ^ P + °8 concentration of species l 

where species 2 is that which contains one less proton than species 1. The 
above relation indicates that insofar as but one color-transfonuation is 
concerned (see Table 18) each indicator is limited in the range of pH 
within which it shows appreciable color-change. Hence, in the use of 
indicators to test the pH value of an unknown it is necessary to make a 
preliminary trial in order to select that indicator which wili’bc partially 
transformed in the tested solution. 

III. Colorimetric Method with Standards.— One method of use is to 
compare the color of the tested solution with the colors of buffer solution 
standards in accordance with the following specifications. 

It is assumed that tested solution and buffer solution ha\ e the same pH 
number when their colors match under the following conditions: 

(а) The buffer solution standard and the tested solution must contain 
the same indicator at the same concentration, usually 0.5 cc. of indicator 
to 10 cc. of solution. 

(б) Each solution must be view ed through the same length of absorbing 
column (tubes of equal bore) and the incident light must be of the same 
intensity in both cases. 

Caution . — In using standards supplied in sets, use only the indicator 
solution furnished with them since it is the same as that used for the prepa- 
ration of the colored standards. For the unknown use only tubes of the 
same bore as those containing the standards. 

If the unknown be colored to begin with, surprisingly good measure- 
ments may be made with the aid of a block comparator constructed as 
follows: 

Parallel to oue another and very close together, holes are bored in a 
block of wood as indicated by the circles of Figure 10. The holes should 
be only slightly larger than the tubes to be used. For viewing pairs of 
tubes in tandem, bore holes perpendicular to the axes of each of the first 
pair of holes. Blacken all exposed surfaces of the wood with a non-reflecting 
stain. Place the unknown plus the indicator in the position shown and 
back it by a water blank. In the other two positions place colored stand- 
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0.3 cc., etc. If the depth of color produced by 1 cc. of indicator solution is 
too great, 0.5 cc. may be used, in which case x becomes 0.05, 0.10, 0.15, cc., 


etc. . . 

It usually suffices to judge the complete conversion of the indicator to 
Forms 1 and 2 merely by observation on addition of dilute acid for the 
first case and dilute alkali for the second case. But since several of the 
indicators listed in Table 18 undergo a change to a red form in very acid 
solution (which may be used for the measurement of low pll values) care 
must be taken that the acidification is not too intense. 

When this method is used with a colored solution the comparator block 
of Figure 11 permits compensation. If the unknown with indicator is 
placed in the front, left-hand position as shown, water blanks should be 
placed in the two holes back of it. The front, right-hand hole contains the 
solution with the indicator completely transformed to Form 2, the hole 
directly hack of it, the solution with the indicator completely transformed 
to Form 1 ami the last hole the unknown without indicator. 

V. Use of Indicators in Titrations.— The second principal use of an 
indicator is to determine the so-called eml-point, or equivalence point, in 
a titration. When a solution of an acid is titrated with a standard solution 
of an alkali, or when a solution of a base is titrated with a standard solution 
of a strong acid, equality in the equivalents of acid and base is charaeter- 
ired by a pll number which dci>cnds uj>on several factors, principally the 
pK' value of the titrated system and the dilution. 

In many common cases the pll which is characteristic of this equivalence 
point need not he determined with great precision because near the equiva- 
lence | joint a very large change of pH occurs on the addition of a very small 
quantity of acid or alkali and in consequence a small error in detecting the 
proper pH number will make a negligible error in the titer. By the same 
token there is chosen for end-point detection an indicator which will exhibit 
a distinct color change within the permissible limits for the end-]>oint pH. 

For example, in the titration of 0.1 M acetic acid by 0.1 M sodium 
h>dro\ide the ideal c»d-|H>int is alxmt pH S.C. An error of about 1.1 units 
pH in either direction will involve an error of alxmt 0.1 per cent. Since 
phenolphthalcm at a well cho-cu, high dilution will he practically colorless 
.it pll S.o and will l>e distinctly pink at pH S.fi. considerably levs than the 
.iIkuc error will Imj made by stopping the titration on the apjjearaiicc of a 
distinct ami permanent pink color. 

Since the pH uumUr for an iml-jx.int is a function of the pK' value 
(or each acid ami the dilution, it is impracticable to sjnxify any general 
simple rule. If the i-ml-jxiint for a jurtiiular titration is not p\ CIl w i(|, 
the q>ctifie dimtiont of the arulvtual method win re the titration js 
‘poitiod, the approximate value m»y U- found in the charts of Chapter 
WVIII of the HrUmiitution of Hvdrogm Ions— Chrk. {Heferiiin* 1 •«» 
the (i,d of this t'li iptrr ) 


VI Indicators. Tahir Is U-t> by lommmi naim > the nu.rv fttqmntlv 
UMril imitator*. For the pun--*- « f the tut thi-1 given on page 105, which 
•!«x * mu xquirr prejund MjiaLnf*. it is i.m -ary to kj.oa- the \ah:e of 

pK* Thb «x m i-ml' «■* th*' pH \-dwe t.f the half-traiidonnatu.ii of the 

•;« •< ' H thr O.. r h-ted J.rvt to l!.r * irs giv i:.g t !.r u,!„r IJ.tM I 
H.r tJwt« ( pis' -ic appn.i.: .Atr ami are valid os.h fi, r Jt 5 (' a , & t ' 

has.ig vJt mar thu< ,f the barter sum Unis 
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The pH ranges listed in the third column are purely arbitrary and arc 
given only for convenience. 

Litmus (azolitinin) is an indicator of variable composition ami is not 
reliable for precise measurements. Its pi I range is rough I v : ml 1 
blue. Litmus paper is convenient for noting whether a solution is distinctly 
acid or alkaline. Indicators formerly in common u-e hut which arc not 
recommended are Congo-red (blue 3 0-a.t) ml), alizarine red $ fellow 
3.7-4.2 pink), alizarine (jellovv r>.3-G.S ml; viola I'M |j 1 purple), 
neutral red (red G 8-S.O jcllow). 

Some indicators, such as litmus and neutral red, are rutin ml bv bacterid 
cultures. Heduced neutral ml (colorless) imdergoc-* a m i-ot alary color- 
change to yellow* that often causes confusion with the villnu fr»rm of the 
oxidant. 

If tests of reduction are to he made, the reliable nvidutioo-minuion 
indicators, and not those used for pH measurements, *| i0 uld be used. 


TaULE IS — Cm RACTEMIaTICA or ISblCATOKJ 


Nun* pK* 

Thymol blu* (acid range) 2 7 

Melbjl yellow (6) 3 3 

M«th>l orange (J) 3 3 

Brompbenol blue . . -10 

Uromcresol green 4 7 

Mcthjl red 3 0 

Chlorphenol red «» 0 

Uromcrosyl purple <y) 0 2 

Bromth) mol btuo . . 7 1 

Phenol red 7 8 

Cresol red 8 .1 

Thymol blue (alkaline range) S 9 

PhenolphUi&leui (A) 9 7 


pU la eg* aaS <Uoi» 

red 12 2 8 jtUow 

red 2 9 4 U >r!low 

red 3 1 4 4 > ellow 

J ellow 3 1 4 7 Uue 

jellow 3 8 3 4 Uue 

red 4 2 0 3 > t lW 

>Ulow 3 1 0 7 red 

J ellow 3 4- 7 0 purple 

Sallow 0 1-77 Uue 

Sellow 7 0- 8 0 red 

Sallow 7 4 9 0 rad 

S ellow S 0 9 0 blue 

color let* 8 2-10 0 red 


( t ooi N 
VaOll p-l 

0 I *Jn. («) 


31 3 
(c) 
<«) 
14 U 

14 1 
ift 

23 0 

15 5 
10 0 
28 2 
20 2 
21 5 

(0 


* included on]} 


(а) To make a 0 01 per cent atock solution of an indicator for which a number is gi\ 

in the laat column grind 0 1 gm. of the pure, acid indicator with the num!*.r of cc of 
0 01 N NaOH given and when solution is completo dilute to 230 ec with dutdled 
water 

(б) Methyl s ellow (Topfer'a indicator) (;>-dimeth>liminuaioU;n*c;ie) i 
because chnicians use it in measurementa of gastne acidity 

(c) Stock solution of methsl S ellow : 0 01 cm 4- 0 1 cc 0 1 N 1IC1 SO c 
ethanol + 20 cc water 

(d) Do not uae with phthalalo buffers 

(«) Stock solution of methj 1 orange 0 03 gm in 100 cc water 

(/) Stock solution of methsl red. 0 02 gm. in 00 cc 95 per cent ethanol Add 40 e 

water 

(p) Beware of dichromatic effect when used to determine pH of turbid solution 
(A) Fades in strong alkali 

(i) Stock aolution of phenolphtlialein 0 05 gm. in 50 cc. 95 per cent ethanol 
50 cc water ^ 


Add 


VII. Standard Buffer Solutions.— Although there are several reliable 
series of standardized buffer solutions, we reproduce here the specifications 
of those which have been used perhaps the more frequently. The pH 
numbers of these solutions were determined by means of the hydrogen cell 
Their reproduction requires meticulous care in the preparation of the solu- 
tions. These are essentially secondary standards and are to serve as the 
standards for the glass electrode and indicator methods. The weights of 
materials specified do not always conform to molecular weights calculated 
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with the most recent values of atomic weights. This is because the inter- 
national atomic weights were slightly different at the time the measure- 
ments were made. 

It is essential that properly purified chemicals be used. Most laboratory 
supply houses now furnish chemicals of special purity which may be used 
directly for the preparation of standard buffer solutions. Methods of 
purification of ordinary reagent grade chemicals are given below along with 
directions for preparing the stock solutions. 

The stock solutions required are: M/5 potassium chloride (KC1), M/5 
acid potassium phosphate (KHjPOO, M/5 acid potassium plithalate 
/T r T T r, TT r " '' r '" ' . * ’ ‘ ,l M/5 potassium chloride (H 3 BO 3 and 

.■ '■! . *• I ), and M/5 hydrochloric acid (HC1). 

. ..„ r . ‘these solutions and their subsequent 

dilution should be redistilled. “Conductivity water” distilled first from 
acid chromate solution and again from barium hydroxide is recommended 
but is not absolutely essential. 

1. M/6 Potassium Chloride.— The salt should be recystallized three or 
four times and dried in an oven for seventy-two hours. The M/5 solution 
contains 14.912 gin. per liter. 

2. M/5 Acid Potassium Phthalate Solution.— Make up a concentrated 
solution of potassium hydroxide by dissolving*GO gin. of a high-grade sample 
in about 400 cc. of distilled water. Add 50 gm. of the commercial resublimed 
anhydride of orthophthalic acid. Test a cooled portion of the solution with 
phenolphthalein; if still alkaline, add more phthalic anhydride; if acid, add 
more KOH. When roughly adjusted to a slight pink with phenolphthalein, 
add as much more phthalic anhydride as the solution contains and heat 
until all is dissolved. Filter hot, and allow crystallization to take place 
slowly. Drain the crystals by suction and recrystallizc at least twice from 
distilled water. Crystallization should not be allowed to take place below 
20 s C. since on chilling crystals of a more acid salt are deposited. Dry the 
salt at 110° to 115° C. to constant weight. A fifth-molecular solution con- 
tains 40.828 gin. per liter. 

3. M/6 Acid Potassium Phosphate Solution.— Rcerystallize a high- 
grade commercial sample of the salt at least three times from distilled 
water and dry to a constant weight at 110° to 115° C. A fifth-molecular 
solution contains 27.232 gm per liter. The solution should be distinctly 
red to methyl red and distinctly blue to broin phenol blue. 

4. M/6 Boric Acid-M, 6 Potassium Chloride.— Itecrystallizc the boric 

acid se\ oral times from distilled water. Dry in the air, as boric acid loses 
water of constitution above 58° C.» to a constant weight. The constancy of 
weight may be established by doing small portions in a desiccator oxer 
calcium chloride. Add purified jmtavrium chloride to the boric acid solu- 
tion to bring the silt concentration in the borate mixture to a i>omt com- 
parable with that of the phosphate mixtures, so that colorimetric checks 
may be obtained with the two series where they overlap. One liter of the 
solution should contain 12 10 lb gm. of boric acid and 1 J/JI2 gin. of noLas- 
siuin chloride ' * 


... RI 5 Sodium Hydroxide Solution. -lids elution is the most difficult 
to preptre mik-c it -ItouM l>e as free a> jJo^ible from the carbonate TV*- 
v,Kc !U. KM. of K.OH in l«. cr of <li,lilW i„ a rfiS Ihlt 
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Cover the mouth of the flask with tinfoil and allow to stand until the car- 
bonate has mostly settled. Decant only the clear supernatant fluid and 
dilute quickly, after rough calculation, to a concentration somewhat greater 
than 1 N. Withdraw 10 cc. of this dilution and standardize with an acid 
solution of known strength. From this standardization calculate the dilu- 
tion required to furnish a M/5 solution. Make the dilution with the least 
possible exposure to the air and pour the solution into a jxiraffined bottle 
to which a calibrated 50-cc. buret and a soda-lime guard tube have been 
attached. The solution must now be most carefully standardized and it is 
preferable to use a factor rather than attempt adjustment to exactly M/5. 

0. M/5 Hydrochloric Acid.— Dilute a high-grade h\ drochloric acid solu- 
tion to about 20 per cent and distil. Dilute the distillate to approximately 
M/3 and standardize with the M/5 sodium hydroxide made as given above. 
It is well to standardize carefully by the silver chloride method and check 
with the standardized alkali. 

From these stock solutions mixtures are prepared corresponding to 
increments of 0.2 pH as shown in Table 10. 


Table 19.— Composition op Mixtures Giving rll Valles at 20“ 
PfUhalate-UCl Mixture* 


2 2 

SO cc. 

M/5 KHPhthalate 

46 CO cc 

M/5 IIC1 

2 4 

SO cc. 

M/5 KHPhthalate 

39 CO cc. 

M/5JIC1 

2 0 

50 cc 

M/5 KUPhthalate 

33 00 cc 

M/5 HC1 

2 8 

50 cc. 

M/5 KHPhthalate 

26 50 cc 

M/3 1IC1 

3 0 

50 cc 

M/5 KUPhthalate 

20 40 cc 

M/5 HC1 

3 2 

50 cc 

M/3 KUPhthalate 

14 SO cc 

M/5 HC1 

3 4 

50 cc 

M/5 KUPhthalate 

9 95 cc 

M/5 HCl 

3 6 

50 cc 

M/5 KUPhthalate 

6 00 cc 

M/5 HCl 

3 8 

50 cc. 

M/5 KUPhthalate 

2 65 cc 

M/5 HCl 



Phthalalc-NaOII Mixture* 

4 0 

50 cc 

M/5 KUPhthalate 

0 40 cc 

M/5 NaOU 

4 2 

60 cc 

M/5 KUPhthalate 

3 65 cc 

M/5 NaOU 

4 4 

50 cc 

M'5 KUPhthalate 

7 35 cc 

M/3 NaOU 

4 0 

50 cc 

M/5 KUPhthalate 

12 00 CC. 

M/5 NaOU 

4 8 

50 cc 

M/5 KUPhthalate 

17 SO cc 

M/5 .VaOU 

5 0 

50 cc 

M/5 KUPhthalate 

23 65 cc. 

M/5 XaOn 

5 2 

50 cc 

M/5 KnPhthalate 

29 75 cc 

M/5 NaOU 

5 4 

50 cc. 

M/5 KHPhthalate 

35 25 cc 

M 5 NaOU 

5 6 

50 cc 

M/5 KHPhthalate 

39 70 cc 

M/5 NaOH 

5 S 

50 cc 

M/5 KHPhthalate 

43 10 cc 

M/5 NaOH 

6 0 

50 cc. M/5 KHPhthalate 

45 40 cc. 

M/5 NaOU 

6 2 

50 cc 

M/5 KHPhthalate 

47 00 cc. 

M/5 NaOU 



KUtPOt-NaOH Mixture* 

5 8 

50 cc 

M/5 KHtPOi 

3 66 cc. 

. M 15 NaOH 

6 0 

50 cc 

M/5 KHiPO i 

5 64 cc. 

. M/5 NaOH 

6 2 

50 cc 

M/5 KHtPOi 

8 55 cc 

M/5 NaOH 

6 4 

50 cc 

. M/5 KHtPOi 

12 60 cc. M/5 NaOU 

6 6 

SO cc 

M/5 KHiPO i 

17 74 cc. 51/5 NaOH 

6 8 

50 cc 

M/5 KHiPO. 

23 60 cc 

. M/5 NaOH 

7 0 

50 cc 

M/5 KHtPOi 

29 54 cc 

M/5 NaOH 

7 2 

50 cc 

M/5 KH.PO. 

34 90 cc 

M/5 NaOH 

7 4 

50 cc 

M/5 KHtPOi 

39 34 cc 

. M/5 NaOH 

7 6 

50 cc 

: M/5KH.POi 

42 74 cc. M/5 NaOH 

7 8 

50 cc 

M/5 KHtPOi 

45 17 cc 

. M/5 NaOH 

8 0 

50 cc 

i M/5 KHjFO* 

46 85 cc 

M/5 NaOH 


C. at Intervals or 0.2 


Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 


Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 


Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc. 
Dilute to 200 cc 
Dilute to 200 cc. 
Dilute to 200 cc. 
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Table 19 — {Continued) 

Boric Acid, KCl, NaOH Mixtures 

7 8 SO cc. M/5 HtBOt, M/5 KCl 2 65 cc. M/5 NaOH Dilute to 200 cc. 

8 0 SO cc- M/5 HjBOi, M/5 KCl 4 00 cc M/5 NaOH Dilute to 200 cc. 

8 2 50 cc. M/5 IIiBOt, M/5 KCl 5 00 cc. M/5 NaOH Dilute to 200 cc 
8 4 50 cc. M/5 HtBOi, M/5 KCl 8 55 cc. M/5 NaOH Dilute to 200 cc. 

8 C 50 cc. M/5 HtBOi. M/5 KCl 12 00 cc M/5 NaOH Dilute to 200 cc. 

8 8 50 cc. M/5 HtBOi, M/5 KCl 16 40 cc. M/5 NaOH Dilute to 200 cc. 

9 0 50 cc. M/5 lIiBOi, M/5 KCl 21 40 cc. M/5 NaOH Dilute to 200 cc. 

0 2 50 cc. M/5 HjBOj, M/5 KCl 20 70 cc. M/5 NaOH Dilute to 200 cc. 

0 4 50 cc. M/5 HtBOi. M/5 KCl 32 00 cc. M/5 NaOH Dilute to 200 cc. 

9 6 SO cc. M/5 HtBOi. M/5 KCl 36 85 cc. M/5 NaOH Dilute to 200 cc. 

0.8 SO cc. M/5 HtBOi, M/5 KCl 40 80 cc. M/5 NaOn Dilute to 200 cc. 

10 0 60 cc M/5 HtBOi, M/5 KCl 43 90 cc M/5 NaOH Dilute to 200 cc 
Note. — It is important to check tho consistency of any particular set of these mixtures by 
comparing "5.8” and '*6.2 phtlialato” with "5A" and ”6.2 phosphato" using bromcrcsol 
purple. Also “7 8" and "80 phosphato” should be compared with the corresponding borates 
using crcsol red. 

If standard buffers outside of the ranges listed are desired, consult 
reference No. 1 below. 
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CHAPTER XV 

QUANTITATIVE URINALYSIS 
By Cleon J. Gentzkow 

Quantitative determinations of urinary constituents should be made 
only on representative samples taken from twenty-four-hour specimens, 
properly preserved and measured. Directions for collection and preserva- 
tion are given in Chapter I. In general, refrigeration is the best method 
of preservation. Of the chemical preservatives, toluol (toluene) is quite 
efficient and produces least interference in subsequent procedures. 

1. Albumin.— While none of the simpler methods for albumin determina- 
tion are absolutely accurate, that given here is sufficiently so for all clinical 
purposes as shown by repeated checks against more elaborate methods. 

Sedimentation Method of Shevky and Stafford.— 1. Reagents.— (o) 
Tsuchiya's Solution.—Viheen grams of phosphotungstic acid, 50 cc. con- 
centrated hydrochloric acid and 1000 cc. of 95 per cent alcohol, all mixed. 

2. Procedure.—' The first step is the dilution of the urine. Nephritic 
urines are usually diluted ten-fold. In urines with very scanty protein 
content a lower dilution or none at all will give more exact results. Occa- 
sionally a urine is encountered with more than 2.8 per cent of protein 
which is the maximum that can be determined by a ten-fold dilution. In 
such a case, a fresh sample is diluted twenty-fold and the determination 
repeated. 

A.H.T.CO. 
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Fia 12. — She\ ky-Stafford tube. 

Measure 4 cc. of the diluted urine into a Shevky-Stafford graduated 
centrifuge tube, the 4-cc. mark on the tube itself serving for the measure- 
ment. Add Tsuchiya’s reagent to the 6.5-cc. mark, mix by slowly inverting 
three times, allow’ to stand for exactly one minute, then centrifugalize for 
exactly ten minutes at 1800 r.p.m. Read the volume of precipitate on the 
scale. 

3. Calculation.— Grams of protein per liter of urine = cc. of precipitate 
X 7.2 X dilution where dilution indicates the number of times the urine 
was diluted before the sample was measured into the tube. 

II. Bence-Jones Protein.— This substance, proteose-like in character, 
is occasionally found in the urine. It does not react immunologically like 
any of the normal blood proteins It is believed to be of some diagnostic 
importance in cases of multiple myeloma and myelogenic osteosarcoma, 
and is excreted in the urine of some cases of hyperparathyroidism, leukemia 
and empyema. 

A. Qualitative Test.— 1. Reagents.— (a) Acetic acid. 
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2. Procedure.— Heat 10 cc. of urine to 40° C. for a few minutes; a cloudi- 
ness will appear. Gradually heat to about 60° C.; a flocculent precipitate 
will develop. Acidify slightly with acetic acid and heat to 100° C.; the 
precipitate will largely disappear. Filter while boiling hot. The precipitate 
returns on cooling the tube. 

This property of precipitating at so low a temperature and dissolving 
at a higher temperature is typical of Bence-Jones protein and differentiates 
it qualitatively from all other protein material occurring in the urine. 

B. Quantitative Test.— 1. Reagents.— (a) Acetic acid. 

(6) Alcohol, ethyl, 50 per cent. 

2. Procedure.— In a tared centrifuge tube place 10 cc. of urine, add just 
sufficient acetic acid to render it slightly acid and keep overnight in a 
water bath at 60° C. Centrifugalize, and pour off the supernatant liquid. 
Add 10 cc. of 50 per cent ethyl alcohol, mix thoroughly and centrifugalize. 
Pour off the alcoholic supernatant liquid and dry the residue at 100° C. 
to a constant weight. Cool and weigh. The increase in weight is the Bence- 
Jones protein present in 10 cc. of urine. 

3. Calculation.— From the increase in weight determined for a 10-cc. 
specimen the percentage for the twenty-four hour sample may be calculated. 

III. Total Nitrogen.— Approximately 95 per cent of the total nitrogen 
of the urine comes from the uTea, uric acid, creatinine and ammonia. The 
balance is derived from the small amounts of amino acids, hippuric acid, 
purine bases, pigments, etc. As ordinarily done for clinical purposes a 
complete nitrogen partition includes the determination of the total non- 
protein nitrogen and also the percentages of the total occurring in the 
form of urea, uric acid, ammonia and creatinine. Of greatest clinical 
interest are the total nitrogen, the urea nitrogen and the ammonia nitrogen. 

Albumin, if present, must be removed. Add 10 per cent acetic acid to 
100 cc. of urine in a beaker until distinctly acid to litmus, avoiding any 
excess. Ileat slowly to boiling and boil for two minutes. Filter while hot 
through a nitrogen-free paper 

If the albumin is to be determined, wash the precipitate thoroughly 
with hot water, then determine the nitrogen of the paper and precipitate 
by the Kjeldahl method given below. Calculate the weight of albumin by 
multiplying the figure for nitrogen by C.26. Each cc. of 0.1 N acid used in 
the Kjeldahl titration is equivalent to 1.4 mg. of nitrogen or 8.75 mg. of 
albumin. 


The Kjeldahl method depends upon the conversion of the various nitro- 
genous substances into ammonium sulfate by boiling with concentrated 
sulfuric acid, its subsequent decomposition by means of a fixed alkali and 
the collection of the liberated ammonia in an acid of known strength. The 
uncombined acid is then titrated with a known strength alkali. 

1. Reagents.— («) Sulfuric acid, concentrated (specific gravity 1.84). 

(&)■.«,■ 

W ■' ■ ^ •• (specific gravity 1.50). 

(c) Sodium hydroxide, O.l X. 

if) Pumice 

, ?■ P'o^toe.-riacc o cc. of urine in a 500^c. pyre* Kjeldahl flask 
Add 20 cc. of concentrated sulfuric acid, 0.2 gm. of copper sulfate and boil 
the mixture for some tune after Jt ts colorless or nearly so. Allow the flask 
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to cool and dilute the contents with about 200 cc. of ammonia-free water. 
Add a little more of a concentrated solution of sodium hydroxide than is 
necessary to neutralize the sulfuric acid, using 2 to 3 drops of methyl red 
Solution as -an indicator, coarse pumice stone to prevent bumping, and a 
small piece of paraffin to lessen the tendency to froth. Connect the flask 
with a condenser so arranged that the delivery tube passes into a receiving 
flask containing 50 cc. of 0.1 N sulfuric or hydrochloric acid with 5 to 10 
drops of nn - " ■ 

must reach ' ’ 

order to awu — ..... w . 

boil until about one-half is distilled over. Should the indicator change 
toward the alkaline side, more 0.1 N acid must be added. The excess of 
acid is titrated with 0.1 N sodium hydroxide. 

3. Calculation.— Subtract the number of cc. of 0.1 X sodium hydroxide 
used in the titration from the number of cc. of 0.1 S sulfuric acid taken 
originally. Thi3 represents the acid neutralized by the ammonia, each 
t .. m n X 0.0014 X 100 

cc. corresponding to 1.4 mg. oi nitrogen. I hen - - = gm. 

nitrogen per 100 cc. of urine where n = net cc. of 0.1 X acid and s =* cc. 
of urine used. 

IV. Urea Nitrogen (Urea).— A. Colorimetric Method (Gentzkow as- 
sisted by Masen).— 1. Reagents.— Sodium tungstate, sulfuric acid, ammo- 
nium sulfate standard, potassium persulfate, potassium gluconate, pow- 
dered urease and Kessler's solution as described under Blood Chemistry, 
page 203, and in addition: 

(а) Acetate Buffer Mixture .— Dissolve 15 gm. of crystallized sodium 
acetate in a 100-cc. volumetric flask with 50 to 75 cc. of water. Add 1 cc. 
of glacial acetic, dilute to volume and mix. 

(б) Permutit. 

2. Procedure. — To 5 cc. of urine add about 5 gm. of permutit. Shake 
gently for three minutes to absorb ammonia, then filter. Dilute 1 cc. of 
the filtered urine to 50 cc. To 5 cc. of this diluted urine add 34 cc. of water 
and 1 cc. of the acetate buffer mixture. After mixing, add 10 to 20 mg. of 
the urease powder, shake and let stand at room temperature which must 
not be below 20° C. for twenty minutes. 

Next add 5 cc. of 10 per cent sodium tungstate solution, mix and then 
5 cc of 0.G6 X sulfuric acid. Shake vigorously, let stand a few minutes 
and filter through a good grade of qualitative paper, such as Whatman 
Xo. 2. Pour the filtrate through a second time to insure absolute clarity. 

Place 5 cc. of filtrate in a test tube graduated at 20 and 25 cc. In a 
similar tube place 5 cc. of the working standard ammonium sulfate solution 
(0.015 mg. N per cc.). Dilute each to the 20-cc. mark. 

Prepare the nesslerizing solution by mixing 1 part of the gluconate and 
1 part of the persulfate solutions. Pour this mixture into an equal volume 
of Nessler’s solution (1 gluconate, 1 persulfate, 2 Kessler’s). This mixture 
must be used within fifteen minutes. 

To the standard and to each unknown add 4 cc. of the mixed reagent, 
dilute at once to the 25-cc. mark, stopper with paraffined stoppers and 
shake vigorously. Allow to stand for fifteen minutes to develop full color. 

Compare in a visual colorimeter using a Wratten No. 75 filter. With 
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a photoelectric colorimeter use a filter with maximum transmission at 
400 to 500 in/*. (See page 191 for use of the photoelectric colorimeter.) 

3. Calculations.— For the visual colorimeter: 


Reading of Standard 
Reading ot Unknown 


X 7.5 - Km. urea N per liter of urine 


Multiply by 2.14 to give grams urea per liter of urine. 

B. Van Slyke and Cullen Aeration Method (Modified).— 1. Reagents.— 
(a) U raise, Squibb, double strength, powdered, and 

(fc) Acetate buffer mixture, same as in Method A. 

(c) J\>fa.isuiro carbonate: Use the dry, granulated salt or a saturated 
solution of potassium carbonate made by dissolving 90 gin. of potassium 
carbonate in 100 cc. of distilled water. The sodium salt may be used. 

(d) Sulfuric acid, 0.02 X.: One cc. reacts exactly with 0.2S016 mg. 
nitrogen or 0.G0033 mg. urea. 

(<■) Caprylic alcohol. 1 

(/) Alizarin or methyl red indicator solution. 

2. Procedure.— Ha\ c ready 5 large tubes, measuring about 32 x 204 min., 
holding about 123 cc., with aerating tube, short tube, a 2-hole rubber 
stopper and rubber tubing connection for each. Mark them “1,” "A,” 
"B,” "C/’and “D” in the order in winch the stream of air will pass through. 
In tube “1° place 20 cc. of approximately 1 X sulfuric acid to remove 
ammonia from the incoming air; in “A” 10 cc. of ammonia-free water 
together with 2 drop3 of the acetate buffer mixture and 50 mg. of urease; 
in “B” and “D” place 23 cc. 0.02 X acid and 5 drops of the indicator; in 
"C” place 5 cc. of urine and 5 drops of caprylic alcohol. Insert stoppers 
tightly, being sure the aerating tubes reach nearly to the bottom of each 
tube. Hcmove the stopper from “A” and add 5 drops of caprylic alcohol 
exactly 0.5 cc. of urine, holding the pipet tip down near the liquid already 
in the tube, and stopper the tube quickly. Allow to stand twenty minutes 
<»r longer at room temperature. Attach the free rubber tube from “D” to 
u suction pump and draw air slowly through all tubes for one minute, to 
collect in the 0.02 X acid any free ammonia present in tubes "A” and “C " 
Shut off the suction and add to tubes “A” and “C,” 10 cc. of sodium or 
jMitassium carbonate solution or about 5 gni. of one of thnv» compounds 


second 

.... , ... . , m'nute. 

In the ah-ence of an air-llow meter, a suction pump capable of reducin'’ 
prr-iure lo SO mm. Ilf: and working at capacity will M ,|jico to cfr crt * 
\ath factory air-llow. 

Whtu the aeration i, complete the acid remaining unncutralizod i„ 
I 11 '*'. 11 ''ttlmtcl with 11,1 rdN alkali. The precaution must 

\* taken t»> turn off the suction fore disconnecting the tubes (center 
»me nr't) to prc\ tnt luck 'uct ion. ' cr 

Calculation. -The unmlrrr of cc. OJrJ N acid neutralized hi tube “I! ” 
un.ll.pool hy OAa.. the !««n.arc of Ik>U, ammonia and urea 

mrr. grn; the acal ncufrahad in f) tube. multiplied hv 0 (XKfi R i. „ 


t.k’, *« i *» 


Uhl'S a* 

•'«-)! CO..U 


tl.»a r», n J»e •Jcoh&l a t r 


• Mf«, 

• 40 
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the per cent of ammonia nitrogen. The difference between the tv. <> (“B” 
minus “D”) is the percentage of urea nitrogen; this figure multiplied by 
2.144 gi\cs the percentage of urea. To obtain the per cent of ammonia, 
multiply the figure for ammonia nitrogen by 1.216. 



Fio 13. 


V. Ammonia Nitrogen.— A. Direct Colorimetric Method (Gentzkow 
assisted by Masen).— 1. Reagents.— Those used in Method A for Urea 
Nitrogen, page 174. 

2. Procedure.— To one volume of urine add S volumes of water, 1 gm. 

of Norit (special powdered charcoal), one-half volume of 0.6G N sulfuric 
acid and onc-lialf volume of sodium tungstate solution, mixing after each 
addition. Filter, returning the first filtrate to the filter to insure absolute 
clarity. Transfer 1 cc. of the filtrate to a test tube graduated at 20 and 25 cc. 
In another similar tube place 5 cc. of the working ammonium sulfate 
i mark. 

, 25-cc. 

i .. . -- v -o *v...g. Let 

stand fifteen minutes, then compare in the usual manner, using the Wratten 
No. 75 filter with the visual colorimeter. 

,, „ , . „ Reading of Standard . , . 

3. ClMlMton.— RradingofUnkluwn X ,o = mg. ammonu nitrogen 

per 100 cc. of urine. This figure multiplied by 1.216 gi\ es the mg. ammonia 
per 100 cc. of urine. 

B. Colorimetric Method Using Permntit (Gentzkow-Masen).— I. 
Reagents.— Same as in Method A and in addition: 

(a) Permuht 

(b) Sodium hydroxide, 10 per cent. 

2. Procedure.— Place 2 cc of urine, 2 gm. of permutit and 5 cc. of water 
in a 100-cc. volumetric flask. Shake gently for five minutes to absorb the 
ammonia. Add 20 to 30 cc. of water, mix and decant, avoiding any loss 
of permutit. Again wash with the same amount of water and decant as 
completely as possible. Next add 2 cc. of 10 per cent sodium hydroxide 
and 5 cc. of water. Mix, let stand 10 minutes, dilute to the mark and mix. 
Using 5 cc. of this dilution, proceed as in Method A. 

3. Calculations.— The same as in Method A. 
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C. Aeration Method.— Ammonia nitrogen may be determined at the 
same time as Urea Nitrogen in B, page 1/5. Multiply the number of cc. 
of 0.02 N acid neutralized in tube “D” by the factor 0.0056 to obtain the 
percentage of ammonia nitrogen. The average content of ammonia nitrogen 
in normal urine is about 0.85 gm. per twenty-four hours; this is 4 to 5 per 
cent of the total urinary nitrogen. 

VI. Uric Acid.— Direct Colorimetric Method (Folin).— 1. Reagents.— 
(a) Uric Acid Reagent.— Place 100 gm. of sodium tungstate (C.P. molyb- 
date-free) in a 500-cc. Florence flask. Mix 32 to 33 cc. of 85 per cent phos- 
phoric acid with 150 cc. of water and add to the tungstate. Boil gently 
with a reflux condenser for fifty to sixty minutes. A flask and condenser 
with ground glass joint is best. If not available use a well washed cork- 
stopper for the connection. Next add 2 to 3 drops of bromine to decolorize 
the reagent, boil off the excess bromine, cool, and then dilute to 500 cc. 
Test the reagent as follows: To 5 cc. of water add 4 cc. of the reagent and 
10 cc. of the urea-cyanide solution. Let stand fifteen minutes. No blue 
color should form. If it does, add 5 gm. of sodium tungstate to the remain- 
ing reagent, boil again for ten to fifteen minutes, decolorize with bromine 
if necessary, cool and dilute to volume as before. 

(6) Urca~cyanide Solution.— To 75 gm. of sodium cyanide (C.P.) in a 
2000-cc. beaker add 700 cc. of w ater and stir until solution is complete. 
Add 300 gm. of urea and stir. Next add 4 to 5 gm. of calcium oxide and 
stir for ten minutes. Let stand overnight, then filter. Add to the filtrate 
2 gm. of lithium oxalate, shake occasionally for ten to fifteen minutes, then 
filter. Keep in the refrigerator. 

This solution is r cry poisonous. It should be so marked. Never pipet such 
solutions. In discarding, pour cyanide solutions directly into the drain of 
the sink and flush at once with cold water. 

(c) Standard Uric Acid Solution.— A stock solution is first prepared. 
Transfer exactly 1 gm. of uric acid by means of a small funnel to a liter 
volumetric flask. Dissohc 0.6 gm. lithium carbonate in 150 cc. of water 
in a 250-cc. flask. After solution is complete, heat to G0° C. Pour the 
lithium carbonate solution on to the uric acid, washing into the flask that 
remaining in the funnel. Shake until the uric acid is dissolved, warming 
under running hot water if necessary. Solution should be complete in 
five minutes. Cool under running water without delay. Add 20 cc. of 
10 tier cent formaldehyde solution and enough water to half fill the flask. 
Add a few drops of mcUi\ 1 orange indicator solution and lastly from a pipet 
slowly and with constant shaking, 25 cc. of 1 N sulfuric acid. The indicator 
should change to pink while 2 to 3 cc. of acid remain in die pipet, showing 
that the excess of acid is not too great. Dilute to volume, mix thoroughly, 
ami transfer to a brown, glass-stoppcml bottle. In the refrigerator and’ 
protected from light this stock solution keeps indefinitely. 

(J) IToriinj Standard.— Dilute 1 cc. of stock solution to 250 cc. with 
water. One cc. contains 0001 mg. uric acid. This solution will keep for 
one month in the refrigerator. i 


2. Procedure!.- Dilute l cc. of urine to 100 cc. in a \o!umctric flask 
Using teat tubes graduated at 25 cc. place 5 cc. of urine In one, 3 cc of 
urine plus 2 cc. of water m another, and 5 cc. of the working uric acid 
standard in a thud. To each add 10 cc. of die urea-cyanide solution mix 
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and then 4 cc. of the uric acid reagent. Let stand fifteen to twenty-five 
minutes, dilute to volume, and compare in the usual manner. 

With the photoelectric colorimeter a filter with maximum transmission 
at 520 mp should be used. 

3. Calculation.— Standard ^ g cc. 0 f (jiluteii urine were 
Reading of unknown 

used (or X C6| if 3 cc. were used) = mg. uric acid per 100 cc. of urine. 

VII. Creatinine (Folin).— On adding picric acid and sodium hydroxide 
to a solution containing creatinine a deep red color is produced. The 
intensity of this color produced in a specimen of urine is compared with 
that in a standard creatinine solution. No substances in normal or patho- 
logical human urines interfere so far as is known. 

1. Reagents.— The same as those used for creatinine in blood, page 205. 

2. Procedure.— With an Ostwald pipet transfer 1 cc. of the stock standard 
creatinine solution (1 mg. per cc.) to a 100-cc. volumetric flask. In another 
similar flask place 1 cc. of urine. To each add 1.5 cc. of the 10 per cent 
sodium hydroxide and 20 cc. of I per cent picric acid solution. Shake, let 
stand ten to fifteen minutes, dilute to \oIume, mix and compare in the 
colorimeter in the usual manner. 

For visual colorimeters a filter made of Wrattcn gelatin filters Xos. 4511 
and 5S-B2 is of great help in making the comparison. The maximum trans- 
mission of this combination filter is at 520 m/x. With photoelectric color- 
imeters a 520 m#x filter must be used. 

3. Calculation.— 


Reading ot Standard 
Reading of Unknown 


X 100 — mg creadnine per 100 ee. of urino 


VIII. Creatine (Folin).— Normal adults, unless on a heavy diet of 
animal protein, excrete only traces of creatine in the urine. Children and 
patients with fever may excrete considerable quantities. Creatine is deter- 
mined by first converting it into its anhydride, creatinine, by heating under 
pressure with dilute mineral or other acids. At a temperature of 117° to 
120° C., equivalent to heating under a pressure of 1 kg. per square centi- 
meter (14 pounds per square inch) conversion is complete in fifteen minutes. 

1. Reagents.— Those used in creatinine determination, page 205. 

2. Procedure.— Measure I cc. of urine into a 100-cc. volumetric flask 
and add 20 cc. of the picric acid solution. Co\er the mouth of the flask 
with tinfoil and heat in the autoclave at 115° to 120° C. for tw enty minutes. 
Cool, add 1.5 cc. of sodium hydroxide solution and continue as with 
creatinine. 

3. Calculation.— Calculate the total creatinine (creatinine originally 
present plus that converted from creatine) as in the preceding determina- 
tion. The difference between this reading and that for creatinine multiplied 
by 1.16 gives the amount of creatine. 

IX. Glucose.— A. Benedict Method.— 1. Reagents.— (a) Sodium car- 
bonate, crystals or monohj drated salt. 

(6) Pumice or talc. 

(c) Benedict's reagent, quantitative. 
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Sodium ca 
(74gm. 

Sodium citrate . ... .... 

Pot assi um tMocyanate . . 

Potassium ferrocyamde, 5 per cent solution 
Distilled water to make . 
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18 gm. 
87 gm. 


200 gm. 
125 gm. 

5 cc. 
1000 cc. 


With the aid of heat, dissolve the carbonate, citrate, and thiocyanate in 
enough water to make about 800 cc. of solution. Filter if necessary Dis- 
solve 8 the copper sulfate separately in about 100 cc. of water, »nd pour 
.1 ■ solution slowly into the first one, with constant stirring. Add the 
ferrocyanide solution, cool to room temperature, and make up to 1000 cc. 
in a volumetric flask. Of the various salts poly the copper sulfate must 
be weighed with extreme accuracy. Exactly 25 cc. of this reagent are 

DUiiTol'c. of clear urine to 100 cc. with water unless 
the sugar content is known to be low. Fill a 50-ee. buret .with this diluted 
urine. Measure exactly 25 cc. of the Benedict s reagent into a porcelain 
evaporating dish, add about 15 gm. of crystalline sodium carbonate (half 
that amount of the monohydrated salt, or 0 gm. of the anhydrous), and 
a small amount of pumice or talc. Heat to boiling over a free flame and 
keep the mixture boiling vigorously during die entire titration. As soon 
as the carbonate is completely dissolved add the diluted urine from the 
it the rate of 1 cc. every ten seconds at first, until a chalk-white 

. It is then 
irs from the 

solution Half-minute intervals must ne allowed to eiapse Detween addi- 
tions of ’urine in the final steps of the titration. Water may be added if 
the mixture becomes too concentrated.* Determine the end point while 
the solution is still hot; upon cooling the solution tends to regain a bluish- 
green tint. With urine, the color at the end tends to be slightly yellowish, 
or vellowish-green due to urinary pigments. 

Caution.— H chloroform has been used as a preservative, remove it by 
boiling a sample of urine for a few minutes and then diluting to its original 

% ^^Calculation.— When the urine is diluted 1 to 10, the following formula 
applies: X 1000 = per cent of glucose in original sample where N is 

the number of cubic centimeters of diluted urine required to reduce 25 cc. 
of the reagent. 

In general, — X 100 = per cent of glucose, where X = number of 

cubic centimeters of undiluted urine required for the reduction. 

D. Colorimetric Method— Modified from Folin and Svedberg.— 1. 
Reagents.— (a) Oxalic acid, 0.05 N. 

(6) Lloyd's alkaloidal reagent. 

(c) Pcniiutit. 

(</) Sodium hydroxide, 0.1 N. 

• Addition*! sodium carlionole must be added if more than 25 cc. of diluted urme are used. 
The carbonate concentration must be kept at 25 per cent or aboie. 
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{e) Alkaline tarlraie solution: Place 23 3 gm. of anhydrous sodium car- 
bonate in a liter volumetric flask, add 200 cc. of distilled water, shake to 
dissolve. Add 8.7 gm. C.P. sodium tartrate and 7.34 gm. of sodium bicar- 
bonate (NaHCOj). Add distilled water to about 800 cc. Shake to dissolve. 
Make up to volume. 

(/) Copper solution: Dissolve 16.7 gm. of crystalline CuSCh in a little 
distilled water. Make up to 500 cc. in volumetric flask. 

(3) Molybdate-phosphate solution: See page 207. 

(A) Standard sugar solution: Use the stronger working standard con- 
taining 0.4 mg. dextrose in 2 cc. (page 207). 

2. Procedure.— To 5 cc. of urine in a 50-cc. Erlenmeyer flask add 5 cc. 
of 0.05 normal oxalic acid, 10 cc. ’ • 

reagent, and 2 gm. of permutit. 
through a filter paper of fine poros _ •• * 

neutral, it is safest to make a preliminary titration of an aliquot with 

0.1 N NaOH using phenolphthalein as the indicator. Place 2 cc. of the 
urine filtrate in a Folin sugar tube and add the requisite amount of 0.1 N 
sodium hydroxide, if any is called for by the preliminary titration. Transfer 
2 cc. of the standard sugar solution to a second tube. To each add 2 cc. 
of alkaline tartrate— copper solution made by mixing 9 volumes of the 
tartrate with one volume of copper solution. This solution must be mixed 
freshly each day. Heat in boiling water for six minutes. Cool in an ice 
bath for three minutes. Immediately after the three minute cooling period 
add 2 cc. of molybdate-phosphate reagent. Dilute to volume with a dilute 
solution of the molybdate-phosphate reagent (stock solution diluted 1 to 5 
with distilled water). Mix by inverting the tubes. Let stand ten minutes 
for color development. Compare in the colorimeter with the standard 
sugar solution. 

3. Calculations.— 


Reading of Standard 
Reading of UnVnown 


X SO = mg sugar per 100 cc. urine 


In the case of diabetic urines an aliquot of the filtrate from the Lloyd’s 
reagent-permutit treatment is diluted with distilled water to such a volume 
that 2 cc. will contain from 0.2 to 0.8 mg. of dextrose. 

X. Total Acetone Bodies (Van Sly ke). —This method combines Shaffer’s 
oxidation of beta-hydroxybutyric acid to acetone with Denige's precipita- 
tion of the latter as a basic mercuric sulfate compound. 

1. Reagents.— (a) Mercuric Sulfate, 10 per cent solution: Dissolve 
37.5 gm. of pure red mercuric oxide in 500 cc. of 4 N sulfuric acid. 

(6) Sulfuric Acid, 50 volumes per cent: Dilute 250 cc. of 11,504, specific 
gravity 1.84, to 500 cc. with water. The concentration must be readjusted 
if necessary to make it 17 N by titration. 

(c) Calcium Hydroxide, 10 per cent: Dissolve 50 gm. of fine, light 
Ca(OH)i in 500 cc. of water. 

_ (d) Potassium Dichromate, 5 per cent: Dissolve 25 gm. of K 2 Cr 2 0, in 
500 cc. of water. 

2. Procedure. Interfering substances must be removed and this is 
accomplished as follows: To 25 cc. of urine in a 250-cc. flask add 100 cc. 
of water, 50 cc of 20 per cent copper sulfate solution and mix. Then add 
50 cc. of 10 pier cent calcium hydroxide suspension, shake, and test for 
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alkalinity. If not alkaline to litmus add more calcium hydroxide. Dilute 
to 250 cc. and allow to stand thirty minutes in order that the glucose may 
precipitate. Filter. This procedure will remove up to 8 per cent glucose. 
Urine containing more should be diluted enough to bring the glucose down 
to that figure. The copper sulfate removes substances other than glucose 
and should never be omitted even though glucose is absent. Test the filtrate 
for the presence of glucose by boiling a portion. A yellow cuprous oxide 
"will be obtained if the glucose has not been completely removed. 

Place in a 500-cc. pyrex Erlenmeyer flask 25 cc. of the urine filtrate. 
Add 100 cc. of water, 35 cc. of mercuric sulfate solution and 10 cc. of the 
50 per cent sulfuric acid. Connect the flask with a reflux condenser having 
a straight condensing tube of 8 to 10 mm. diameter and heat to boiling. 
After boiling has begun, add 5 cc. of the 5 per cent dichromate solution 
through the condenser tube. Continue the boiling gently for one and a half 
hours. The yellow precipitate which forms consists of the mercury sulfate- 
chromate compound of acetone. It is collected on a Gooch crucible, washed 
with 200 cc. of cold water and dried for one hour at 110° C. The crucible 
is allowed to cool in room air and weighed. 

3. Calculation. —When 25 cc. of urine filtrate, equivalent to 2.5 cc. of 
urine are used, multiply the weight in grams of precipitate by 24.8 to 
calculate the grams of acetone per liter of urine. 

Test of Reagents .— When the complete total acetone bodies determina- 
tion, including the preliminary copper sulfate treatment, is performed on a 
sample of distilled water instead of urine, no precipitate whatever should 
be obtained. This blank test must not be omitted. 

XI. Chlorides (Modified Yolhard-Harvey Titration).— 1. Reagents.— 
(a) Standard Silver Nitrate Solution: Dissolve 29.06 gm. of silver nitrate 
in about 100 cc. of water in a liter volumetric flask. Add 250 cc. of con- 
centrated nitric acid and 250 cc. of a saturated aqueous solution of ferric 
ammonium sulfate. Dilute to a volume of 1 liter. One cc. of this solution 
is equivalent to 0.01 gm. of sodium chloride. 


(b) Standard Ammonium Thiocyanate Solution: Dissolve about 6.5 gm. 
of ammonium thiocyanate (NH*SCN) in 800 cc. of distilled water. Titrate 
this solution against the standard silver nitrate solution. Then calculate 
the amount of water which must be added to the stock thiocyanate solution 
to make it one-half the strength of the silver nitrate solution. One cc of 
the silver nitrate should equal 2 cc. of the ammonium thiocyanate- thus 
1 cc. of the ammonium thiocyanate is equivalent to 0.005 gm. of sodium 
chloride. 

2. Procedure. To 5 cc. of uriue, in a 250-cc. Erlenmeyer flask, add 
100 cc. of water and 10 cc. o! tic silver nitrate solution. If the solution 
assumes a pinkish color, as it sometimes will, this may be dispelled by the 
addition of a few drops of saturated solution of potassium permanganate. 
Titrate with tile thiocyanate until the appearance of the first salmon uink 
or brownish tint that persists several seconds. The most common error 
producing low results, is failure to recognise the temporary mature of file 
end point. The first color that permeates the solution, for a few seconds 
after one shaking, is the true end point. In ketosis urine, enough 

s, ' e a rtd ' Ah a - acid!? 
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3. Calculation.— 

2 A— B = gm. of chloride calculated as XaCl per liter of urine. 

0.607 (2 A— B) = gm. of Cl per liter of urine. 

17.1 (2 A— B) = milli-equivalents of Cl per liter of urine. 

A = cc. of silver nitrate added to the urine. 

B — cc. of thiocyanate used in the titration. 

XII. Inorganic Phosphate (Fiske and Subbarow).— 1. Reagents.— The 
standard phosphate solution and the 0.25 per cent amino-naphtholsulfonic 
acid solution used for phosphorus in blood (page 215). The molybdic acid 
solution differs. 

(a) Molybdate Solution .-' Dissolve 25 gm. of ammonium molybdate in 
200 cc. of water. Rinse into a liter volumetric flask containing 500 cc. of 
5 N sulfuric acid. Dilute to the mark and mix. 

2. Procedure.— Pipet 1 cc. of urine into a 100-cc. volumetric flask and 
5 cc. of the standard phosphate solution (0.03 mg. P per cc.) into another. 
Dilute each to about 70 cc., then add 10 cc. of the molybdate solution and 
mix. Add 4 cc. of the amino-naphtholsulfonic acid solution, mix thoroughly 
and dilute to volume. Let stand five minutes, then compare in the color- 
imeter. 

3. Calculation.— 


Reading of Standard 
Reading of Unknown 


X 40 = mg. P per 100 cc. of urine 


XIII. Hydrogen Ion Concentration or pH.— The simplest method satis- 
factory' for all clinical purposes is that using nitrazine paper (phenaphtha- 
zine), procurable from E. R. Squibb and Sons. 

With a clean glass rod transfer a drop of freshly-voided urine to the 
paper and spread evenly by stroking, or leave a small drop. The paper 
may be dipped into the urine three times and the excess shaken off. 

After one minute compare with the color chart furnished which reads 
from pH 4.5 to 7.5 in 0.5 pH divisions. It is possible to interpolate to 
0.25 pH without difficulty. 

XIV. Ethyl Alcohol.— (See page 342.) 

XV. Sulfonamides.— (See page 220.) 

XVI. Analysis of Renal and Urinary Calculi.— If sufficiently large, the 
calculus should be cut in half to reveal any core or nucleus requiring analysis 
separately from the layers surrounding it. 

A. Physical Examination.— Uric acid calculi are usually small, smooth, 
round lusterless pebbles. Upon crushing, the stones are always d efini tely 
yellow. Phosphate and carbonate stones are compact balls or large friable 
clay- or chalk-like masses. Oxalate stones vary considerably in form, but 
usually have a crystalline glint or smooth luster. Some are irregular, light- 
colored, and crystalline with sharp points. Others are externally dark- 
brown, with a grape seed or berry-like form. Still other forms are occa- 
sionally found. Cystine stones are usually white or pale yellow granules. 

B. Che m ica l Examination.— 1. Reagents. — In addition to concentrated 
hydrochloric, nitric, and sulfuric acids, and ammonia water, 28 per cent, 
the following reagents are required: 

(а) Sodium Acetate, saturated aqueous solution. 

(б) Ammonium Oxalate, 4 per cent. 

(c) Resorcinol. 
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(cl) Sodium Hydroxide , 20 per cent. 

(e) Sodium Carbonate, 20 per cent. 

(/) Sodium Cyanide, 5 per cent. 

(g) Sodium Nitroprusside, a freshly prepared saturated solution. 

(A) Ness/er’s Reagent, see page 201. 

(i) Uric Acid Reagent, Folin’s, see page 377. 

( j ) Molybdate Reagent. Dissolve 3.5 gm. of ammonium molybdate in 
75 cc. of water and pour this solution into 25 cc. of concentrated nitric acid. 

(k) Magnesium Reagent. Dissolve 5 mg. of p-nitrobenzene-azoresorcinol 
in 100 cc. of 1 N sodium hydroxide. 

2. Procedure.— (a) Carbonates .— Pulverize the stone in a small, heavy 
pyrex test tube, with a glass rod. To part of the pulverized stone in a small 
test tube, add a few drops of concentrated hydrochloric acid. Carbonates 
will give an effervescence. Add an equal volume of distilled water. Warm 
gently to dissolve the stone. Centrifugalize to throw down any precipitate 
and divide the supernatant liquid into four portions. The solution may 
also be separated from the precipitate by drawing it through a capillary 
pipet plugged with a little cotton. In the analysis of calculi it is convenient 
to use test tubes of very small size. Small fermentation tubes 6 by 40 mm. 
are very useful in the manipulation of the small quantities of liquids 
involved. 

(b) Calcium Oxalate and Calcium .— Add saturated solution of sodium 
acetate dropwise to one of the four portions. If calcium oxalate is present, 
a white precipitate or cloud forms. Add sodium acetate until no further 
precipitate appears. Centrifugalize, and to the supernatant, add another 
drop of sodium acetate solution. If no precipitate appears, add a few drops 
of the ammonium oxalate solution. A white precipitate indicates the 
presence of calcium in combination with an anion other than oxalate. 


(c) Phosphates.— To another portion of the hydrochloric acid solution 
of the stone add ammonia until alkaline. Acidify with concentrated nitric 
acid, then add an equal volume of molybdate reagent. Warm to 60° C. 
A yellow precipitate shows the presence of phosphates. 

(d) Magnesium.— To a third portion, add 3 drops of magnesium reagent 
then make strongly alkaline with 20 per cent sodium hydroxide solution’ 
A blue color or blue precipitate indicates magnesium. 

(«) Ammonia. Makca fourth portion alkaline wifi 20 per cent sodium 
hydroxide. Add a few drops of ISessler s reagent. Ammonia will give an 
orange brown precipitate. To confirm ammonia, add a few drops of on Der 
cent sodium hydroxide to some of the powdered calculus in a smalftube 
thcncovcr the tube with moistred litmus paper. Warm gently. Ammonia’ 
will turn the red litmus paper blue. 

.< -P Ur j c Ac!d and some of the powdered stone on a spot 

plate, or to an aqueous solution of the stone, add a few drops of 20 per cent 
todirnn carbonate solution and a few drops of Folin's uric acid reagent 
An immediate deep blue color md, cates uric acid or urates, a pale blue 
color is negative. For a confirmatory test, apply the mureidc reaction 
Treat the powdered stone in a porcelain evaporating dish with several 
drops of concentrated nitric acid, evaporate to dryness on a water bath 
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and add 2 to 3 drops of concentrated ammonia. Uric acid gives a deep 
yellow or orange-red residue with the nitric acid, turning purple with the 
ammonia. ‘ Xanthine give3 a greenish-yellow residue with the nitric acid, 
turning to orange with ammonia. 

(g) Cystine .— Cystine stones are rare. Ashed in a crucible, such stones 
give a piercing odor with the first puff of smoke. Another test is to add a 
drop of concentrated ammonia and a drop of 5 per cent sodium cyanide 
solution to some pulverized stone. After five minutes add 2 to 3 drops of 
sodium nitroprusside solution. A beet-red color indicates cystine. 

(A) Sulfonaviides .— Sulfonamides in stones may be detected by dis- 
solving the stone in dilute hydrochloric acid and applying the tests for the 
sulfonamides as given on page 220. 



CHAPTER XVI 

QUANTITATIVE CHEMICAL EXAMINATION OF THE BLOOD 
By Cleon J. Gentzkow and John M. Masen 

INTRODUCTION 

Many methods have been proposed for the determination of the various 
chemical constituents of the blood, differing greatly in complexity of 
materials and apparatus and in the degree of skill required for their per- 
formance. As one would suppose, they also differ widely in the degree of 
accuracy obtained. Those of greatest specificity and accuracy arc often 
the most difficult and elaborate, suitable for research rather than clinical 
purposes. On the other hand, the over-simplification often attempted 
may result in the introduction of gross error. 

The procedures presented in this Chapter have been selected from the 
almost endless variety available because: (1) The accuracy obtained is 
at least sufficient for all clinical purposes; (2) Results are reproducible; 
(3) They can be performed by technicians with a minimum of supervision, 
and (•!) The reagents and apparatus required arc available in most clinical 
laboratories or are easily obtainable. 

COLORIMETRY 

Most methods fur determining the chemical constituents of the blood 
are based upon colorimetry, in which the color produced by the unknown 
substance is compared with that produced by a known amount of the 
.same substance, assuming in each instance that the intensity of color is 
proportional to the amount of the color-producing substance present. Two 
general methods are used for measuring this color intensity: 

1. The visual method, in which the colors are matched bv the i*\e 
Using a colorimeter of the l)ul>oscq tjpe. 

2. The photoelectric method, in which the intensity of the color is 
measured by determining* the amount of electrical current dec eloped bv 
a photoelectric cell when the light transmitted by the colored solution 
falls upon >t. 

All of the earlier methods are based iqxm \ isu.il colorimetry using a 
Dubovcq t>j>c colorimeter and this particular method of color measure- 
ment is stiff used in the majority of laltora tones. However, in recent Years 
the photoelectric colorimeter has reached a high degree of Jierfectiom and 
many of the newer methods are based upon the use of this instrument 
Actually, the accuracy rouhing from the Use of a photoelectric colorimeter 
is no greater than that obtained udtig a visual colorimeter. It has been 
asMumd, errone-oudy however, that the principal source of error in color- 
imetry is the inability of therve to matdi colors accurately, and that this 
ean l>e iliminatcti by -ub'tituring the* photialecfric till for the e\c \ 
matter «.f fact the priticijul vmivc eif error results from the fact that color 
development ve not a(wa\s stnetly proportional to the concentration of 
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color producing substance present. In most instances this error is far 
greater than that due to the inability of the eye to match colors accurately. 
Furthermore, while it is conceded that in color matching the eye may be 
an imperfect instrument, the photoelectric cell as a substitute may be 
equally imperfect. The lack of proportionality in the response of the 
photoelectric cell to changing light intensities which result from variations 
in the color concentration is one source of error. Additional sources of 
error in the cheaper instruments result from inaccurately calibrated gal- 
vanometers, stray thermoelectric currents, and heating and fatigue effects 
in the photocell. 

The photoelectric colorimeter has, however, great convenience and 
speed of operation. The cells or cuvets in which the color of the final solu- 
tion is measured may be simply matched test tubes in which all of the 
reactions leading to the final color de\elopment are carried out. To read 
the color, it is then only necessary to insert these tubes in the instrument, 
instead of transferring the solution to specially prepared cups or cuvets 
as is required in visual colorimetry. Also \ ery faint colors can be measured 
more accurately than by the eye, and in certain cases, where an interfering 
turbidity exists, this may be eliminated by calibrating the instrument with 
a proper blank. When more than one color is present, through the use of 
the proper color filters, the amount of each in the presence of the other 
may be determined. For example, in a specimen of blood containing 
methemoglobin in the presence of oxx hemoglobin, the relative amounts 
of each may be measured in this manner. Where a substance has a specific 
absorption band, the selection of the proper color filter in conjunction with 
the photoelectric colorimeter, will frequently render the measurement of 
the color more specific than is the case in visual colorimetry using white 
light. . 

I. Visual Colorimetry.— Most colorimeters in common use are of the 
Duboscq type. There are numerous modifications of this instrument, all 
of them more conv enient and accurate than the original. The principle of 
operation, however, in all of these modifications is the same as that of the 
original. The solutions to be compared are placed in glass cups which can 
be raised or lowered by means of a rack and pinion mov ement. The method 
of operation may be inferred from a study of Figures 14 and 15. As the 
cups are raised or lowered the ends of clear glass plungers are immersed to 
varying depths in the fluid, thus varying the ’thickness of the layer of 
fluid between the ends of the plungers and the bottoms of the cups. The 
thickness of this layer is indicated ou a scale, attached to the rack and 
pinion movement, which moves in unison with the cups. Light is reflected 
by means of a mirror beneath the cups through the solution and the long 
axis of the plungers into a series of prisms. The prisms bring the light from 
the two cups into a single field viewed by an ocular. The field appears as 
a circle divided in half by a fine line (Fig 15). One-half of the field is 
illuminated by the light passing through one of the cups, and the other 
half of the field is illuminated by the light from the other cup. When the 
depth of fluid in the two cups is the same and the color concentration of 
each fluid is also the same, the color of the two halves of the field will be 
equal. How ever, if one color is stronger than the other, the field illuminated 
by light passing through this solution will be darker than the other, and 
the two fields may be equalized by adjusting the depth of the solution by 
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If, now, one solution is of known concentration and is used as a standard 


a f u = concentration of unknown, 
c t = concentration of standard, 

R u = reading (depth) of unknown, and 
It, reading (depth) of standard. 


Example— A standard solution of sugar containing 0.2 mg. when treated 
in such a manner as to dcxelop a color is placed in one cup of the color- 
imeter and set to read 20 on the scale of the colorimeter. The color of an 
unknown amount of sugar in a sample of blood is de\ eloped in the same 
manner as the standard. This unknown solution is then matched against 
the standard and the scale reading of the unknown is found to be 10. By 
substitution: 


Note the inverse relationship between reading and concentration, a 
reading of 10 for the unknown which is one-half the reading of the standard 
gives a concentration of 0.4, exactly twice that of the standard. 

In most work in blood chemistry results are expressed in milligrams 
per 100 c c. of whole blood or serum. Equation (4) must be modified to 
allow for this and so becomes 

c. x fl. v ioo 


where V is the \olume of the sample of whole Mood or serum Used. This 
formula holds if both standard and unknown are diluted to the same final 
xolume. In some determinations, that of creatinine for example, this is 
not the case. A dilution factor must be introduced and the formula becomes 


where D u and D, are the final \olumes of unknown and standard. 

This is the final and complete equation upon which all colorimetric 
calculations are based. 

Examples .— Carrying on further with the example gi\ en above the 
actual values are: 


c, =02 mg sugar 
R, - 20 
Ru = 10 


Substituting in the formula 


As an example in which the xolumes of the final colored solutions differ, 
let us take the determination of creatinine with the following values: 


1 1 (10 cc. of filtrate ■= 1 e 


Substituting: 


- 3 
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In actual practice all of the above factors are combined into a single 
one and the formula given with each determination becomes a simple one. 
For sugar it becomes 

~ s X 100 = mg. sugar per 100 cc of whole blood 


when the standard contains 0.2 mg. of glucose. 

That for creatinine becomes 

^ X 15 « mg creatinine per 100 cc. of whole blood 


using the standard containing 0,03 mg. of creatinine. 

Certain principles should always be held in mind. One of these is the 
fact that while Beer’s law is exact within reasonable limits, it is not strictly 
true when two solutions of widely differing concentrations are compared. 
These deviations from Beer’s law are due to such effects as the association 
of molecules and the formation of complexes. For this reason, the ratio 
of the concentration of the solutions should not be greater than 2 to 1. 
If at all possible, the standard should be of such a strength that the ratio 
of the concentrations is not greater than 1.5 to 1. Lambert’s law is rigidly 
true for all depths of liquid. 

5. Color Filters.— Color filters may be used in the visual colorimeter to 
increase sensitivity and selectivity in the same manner as in photoelectric 
colorimetry; in fact many of the advantages of photoelectric colorimetry 
may be obtained for the visual method by the use of these filters. Their 
selection and use will be considered more fully in the section which follows. 

II. Photoelectric Colorimetry.— 1. Principles.— Photoelectric colorimetry 
is based upon the property possessed by photoelectric cells of gener- 
ating a small electric current which is proportional to the amount of 
light falling on the ‘cell. Since the current so generated is quite small, 
usually a fraction of a inilliainpere, it is necessary that a sensitive gal- 
vanometer be used for its measurement, and if a galvanometer is connected 
in series with the photoelectric cell, the reading of the galvanometer will 
be proportional to the amount of light falling on the cell. If a glass cuvet 
or tube containing a colored solution whose intensity it is desired to 
measure is interposed between the fight source and the photocell in such 
a manner that the only light which can reach the photocell must pass 
through the colored solution, there will be a change in the reading of the 
galvanometer which will he proportional to the intensity of the color of 
the solution. The deeper the color, the more light will be absorbed with 
a consequent reduction in the amount reaching the photocell and a cor- 
responding decrease in the reading of the galvanometer. 

2. Types.— Commercial photoelectric colorimeters are of two general 


(a) 7 he Single Cell ColorimiUr.—'n lis type of instrument consists of -i 
single photoelectric cell connected in series with a galvanometer graduated 
in equal diMsious from 0 to ltt>. An instalment of this kind is shown in 
Figure It*. The source of light consists of a tungsten filament incandescent 
light, the current being obtained either from a storage battery or from the 
regular 110 writ alternating current supply stabilized by means of a con 
slant % ullage regulator. This lamp may he connected in series with a 
\ amble rheostat by means of which the light striking die photocell may 
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be regulated, or the regulation may be by means of a variable shunt across 
the galvanometer terminals, or by an iris diaphragm between the light 
source and photocell. 

(6) Double Photocell Instrument .— The second type of instrument is 
one in which two photoelectric cells are connected with the galvanometer 
in such a manner that the current flow of the one cell is opposed by that 
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K«o. 17. -Croa»-t>cctional dianam of tho mam structural unit of photoelectric colorimeter 
kliown In Vi euro Uh A hcaw of lidit from the bmp L in reflector ll pa&sce through the *1*4* 
rolor filter F. anil thro through the Colored solution in Uie aloorptioa trot tube T before 
i .itin g 0 n photocell /’- Tlio current from the photocell U r neutered by a gaUonometer (not 
shown). The trot tul>« T fiu into a Ixikclite *Icci o S pierced by two rectangular apertures d, 
which ihfine the cro-*>*-»eClion of the light l>eam (Courtesy of The Rubicon Company, 
I'hiUdclpliM > 
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blank solution before one of the cells the galvanometer will read zero, 
indicating no current floor through the galvanometer. When, however, 
the blank solution is replaced by the test solution, the light reaching this 
cell will be reduced owing to absorption by the colored solution, the current 
generated will be less than that from the other cell, and the galvanometer 
will no longer read zero. Equality of current flow through the two cells 
is restored by adjusting the calibrated resistor and is indicated by return 
of the galvanometer to the zero position. The reading of the resistor will 
then be a function of the light transmitted through the teat solution, which 
in turn is dependent upon the intensity of the color of this solution. Figure 
18 illustrates a photoelectric colorimeter of the tvvo-ccllcd type. 

3. Respective Merits.— The relative advantages and disadvantages of the 
two types of instruments are: 

(а) In the case of the single cell colorimeter a relatively stable source 
of light is required as a change in the light source will cause a change in 
the reading of the galvanometer. This docs not occur with the double-cell 
instrument for the change of light will be the same on each cell, and 
because of the type of electrical circuit used, tills effect will be cancelled. 
It is therefore necessary with the single-cell instrument to use a small 
light source w ith a large capacity battery, or a high grade voltage regulator 
when the line voltage is used. 

(б) An accurately calibrated galvanometer is required with the single- 
cell instrument, since the transmission value is obtained from the reading 
of the galvanometer, and the accuracy of this value will depend upon the 
degree of accuracy of the galvanometer calibration. Such a galvanometer 
is relatively difficult and expensive to manufacture. In the two-cell instru- 
ment, however, the results are unaffected by the accuracy of the gal- 
vanometer calibration, since the galvanometer is used merely to indicate 
the point of balance obtained by adjusting the calibrated resistor, the 
transmission values being obtained from the reading of this resistor. There- 
fore, the accuracy is dependent upon the calibration of the resistor which 
b cheaper and simpler to manufacture than the galvanometer. 

(c) The single-cell instrument b preferable for following rapidly changing 
reactions in which maximum color development may occur within a few 
seconds following admixture of reagents, the maximum reading of the 
galvanometer being recorded. With the two-cell instrument it is more 
difficult to follow' these rapid changes since it is necessary to obtain the 
reading by adjusting the galvanometer to zero by means of the variable 
resbtor. Because of the time required for this adjustment, it is difficult to 
determine at which point maximum color develops when it changes so 
rapidly as it does, for instance, in the vitamin A determination by the 
Carr-Price reaction or in that for vitamin C by means of the dichloro- 
indopbenol reaction. Also the samples may be read with greater speed in 
the one-cell instrument since fewer manipulations are involved in making 
the reading. 

4. Method ol Using the Photoelectric Colorimeter. — (a) Single Cell Color- 
imeter.— Turn on the instrument about five to ten minutes before making 
a reading in order that all parts of the electrical circuit may come to 
equilibrium. Make sure that the proper color filter has previously been 
inserted. Neglect of this precaution may result in irreparable damage to 
the gah-anometer. Insert the tube containing the blank and adjust until 
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the galvanometer reads 100. The blank usually consists of all the reagents 
used in the test except that an equivalent amount of distilled water is 
substituted for the sample. Remove the blank, insert the test solution 
and record the reading. If a standard is used, repeat the procedure with 
it. After each reading check the instrument to see that the reading has 
not changed from the initial setting of 100. 

(6) The Double Cell Colorimeter . —The instrument is turned on with the 
color filter in place in the same manner as the single cell instrument. 
Insert the blank and with the calibrated resistor set to 100 adjust the 
instrument until the galvanometer reads zero. Then remove the blank, 
insert the sample and adjust the calibrated resistor until the reading of 
the galvanometer is again restored to zero. The reading of the calibrated 
resistor at this point will be the transmission reading of the sample. Obtain 
the reading of the standard in the same manner as the unknown. 

5. Calculations.— A standard solution may be used in the same manner 
as in visual colorimetry. The readings obtained represent transmission of 
light through the colored solution, the greater the density of the color, the 
smaller will be the amount of light striking the photocell with a correspond- 
ing decrease in the readings. The concentration of the color producing 
substance is not, however, proportional to this transmission value but is, 
instead, proportional to the density. Density may be obtained from the 

formula of Lambert— D (density) «* log j° =* log I 0 — log I, in which I a is 

tlie incident light, represented in this instance by 100, the reading of 
galvanometer or resistor with the blank, and I, the transmission or reading 
of the test sample. Since the log of 100 is 2, then 2 minus the log of the 
reading of the sample equals the density which is directly proportional to 
the concentration of the color producing substance. Note that the pro- 
portion in this case will be direct rather than iin erse as in visual color- 
imetry, ami may be expressed mathematically as: 



or 

<•, x U„ 

fu "* H, (2) where 

n« - 2 -log of the tranmiiiwion trailing of the tUndanl 
Itu “ 2 — log of Uio tronun^ion reeling of Ui<, unknown 
c» *• Content ration of Uio »tantlar<l, amt 
*• Concentration of the uoVnown. 


All of till- other factor, of equation (6) on pa R c UK) are tire same and tlm 
complete equation for photoelectric colorimetry may be written: 


c. X Itq HO I),. 

r '' ~ n, x v * p, o> 

U U convenient to rnnatmet a table giving tiir \ allies of 2 - I -»of 
muling for all IratwmxMous of the instrument. ** * 

A vavnd method of ohlaimnR the concentration of the unknown i, to 
a svnc, of ctandanl, of \ar>.n S concentrations to cover the n.ui 
„mtu ratiRc .i'iislly found ... the unknown,. A, a Rcncral rule, five to ten 
qnd.nl solution, arc prrparr.1. I! the reading for each i, p] ol ,„j “ 
v.d/v sr, invt concrnlntion a eahhoilion curve i, rcad.lv fonnjd-rtrc 
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reading of a solution of unknown concentration can then be referred to 
this curve to determine its concentration. 

This method would appear to be much simpler than the use of a standard 
prepared for each series of determinations, since, once a calibration curve 
has been prepared, the use of a standard can be omitted. However, color 
production is influenced by many variables, such as time, temperature, 
the presence of other compounds, the nature, age and composition of the 
reagent solutions, and even the rate of addition of the reagents in some 
cases. A curve prepared one day under a certain set of conditions may 
not be valid the next day, week or month, since conditions may be dif- 
ferent and uncontrollable. When, however, the results are obtained by 
comparison with a standard prepared simultaneously and under the same 
conditions as the unknown many of these variables are cancelled. 

The calibration curve method should be used only with those colors that 
are extremely stable and reproducible, or where the preparation of a 
standard solution each time is difficult or expensive. The use of a calibra- 
tion curve is also to be recommended in certain instances where the color 
produced is not proportional to the concentration of the color producing 
substance. The use of a calibration curve w ill correct any error due to this 
lack of proportionality. 

6. Color Filters.— It is well known that colored substances owe their 
attribute of "color” to the fact that they absorb selectively certain parts 
of the visible spectrum. Thus a blue color is blue because it transmits the 
blue portion of the spectrum and absorbs the red portion. Hence a red 

by the blue solution only; 
. ‘ ■ te absorbed light and result 

... r 0 eliminating these unabsorbed 

wave lengths by means of the proper filter, the sensitivity of the method 
is correspondingly increased. In the case of a red solution, blue light is 
absorbed, and, therefore, by using a blue filter greater sensitivity is 
obtained. The above examples serve to illustrate only one particular 
factor, sensitivity, gov erning the selection of the proper filter. Certain 
solutions, for example, possess specific absorption bands in the visible 
spectrum and a filter transmitting this particular band w ill gi\ e the desired 
result. Hemoglobin is an example. This substance absorbs a very narrow 
wave band centered at 540 in the green, and a filter transmitting this 
particular wave band will not only increase the sensitivity but the specificity 
ag well. Another factor governing the selection of the proper filter is the 
possible presence of another contaminating color, either from the reagents, 
or as a result of a reaction between the reagents and some other substance 
present in the test solution. For example, in the determination of creatinine 
by the reaction with picric acid, creatinine picrate, a red-colored compound 
is formed. Therefore, from the standpoint of maximum sensitivity a blue 
filter should be used. However, a large excess of picric acid, which is 
yellow, is required for this reaction. This yellow picric acid also shows 
strong absorption in the blue portion of the spectrum and the use of a 
blue filter would cause a considerable error as one would be measuring 
the concentration of the picric acid as well as that of the creatinine picrate. 
At wave length 520 mjt in the green, while the absorption of creatinine 
picrate is not as great as it is with the shorter wave lengths in the hlue, 
the absorption is nevertheless appreciable, while the absorption due to 
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the picric acid at this wave length is negligible. Therefore, for this deter- 
mination, a filter passing tins wave band is preferable to the more sensitive 
filters in the blue. 

These are but a few of the factors go\ eming the selection of the proper 
filter Final selection of that filter which gives greatest sensitivity and 
specificity in any particular procedure can only be determined by a spectro- 
photometric analysis of the solution under examination. In those photo- 
colorimetric methods included in this book, the filters to be used arc 
specified. 

III. Spectrophotometers in Colorimetry.— The Medical Department has 
adopted as a standard instrument for issue to certain specified installations 
the Coleman Junior Clinical Spectrophotometer, Model 0. This instru- 
ment is rugged and practical, having all of the advantages of a photo- 
electric colorimeter in addition to many of its own. 

Filters are not required since it uses a replica grating and fixed slit by 
means of which narrow bands of wave lengths may be isolated throughout 
the visible spectrum. 

Figures 19 and 20 illustrate the instrument and a diagrammatic rep- 
resentation of the light path and functioning parts. 

COLLECTION AND PRESERVATION OF SPECIMENS 

I. Collection.— For most determinations the blood is obtained by \ene- 
puncture after the patient has fasted ten to twelve hours. For convenience 
the blood is usually drawn before breakfast. 

When veuepuncture is difficult or impossible resort may be had to micro 
methods using 0.1 ce. of blood secured by finger puncture. 

II. Anticoagulants.— In using whole blood coagulation must be pre- 
vented. Lithium oxalate is the best anticoagulant for most purposes since 
it interferes least with subsequent procedures. For each cc. of blood, Use 
1.5 mg. of the salt. Potassium oxalate, 2 mg. per cc., may be used instead 
but is less satisfactory. Citrates should not be used. 

A convenient method of adding the anticoagulant is to prepare collecting 
tubes in advance. Using teat tubes of large diameter, small flasks, bottles 
or short, heavy, flat-bottomed sputum bottles (Item 40330, Medical 
Department Supply Catalog) introduce 1 cc. of 1.5 per cent lithium oxalate 
solution (2 per cent potassium oxalate) into the tube. This amount is 
sufficient for 5 to 12 cc. of blood and does not produce too great an excess. 
Dry in an incubator or o\ en overnight. Do not permit the temperature to 
exceed 55° C. since at that point and abo\ e some of the oxalate may be 
converted to carbonate. By this procedure the oxalate is distributed in a 
thin lajer and in a finely divided state over the lower portion of the tube, 
going into solution as soon as the blood touches it. 

Discharge the blood into the oxalate tube as soon as it is drawn, and 
mix most thoroughly. Even a slight delay may result in some clot forma- 
tion. 

III. Preservatives. Specimens should be analyzed as promptly as 
possible before hydrolytic changes occur. If immediate analysis is impo»- 
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a few drops of toluene or xylene aud place it in the refrigerator. So pre- 
pared a filtrate keeps well for twenty-four hours. 

If specimens are to be sent to a distant laboratory, sodium fluoride in 
the proportion of 10 mg. per cc. of blood may be used as a preservative. 
The blood must be collected and handled with strict asepsis for fluoride 
will not prevent decomposition due to bacterial contamination. Since 
fluoride is an anticoagulant as well as a preservative, no other need be 
used. 

Keidel tubes containing the proper amount of fluoride are available 
from laboratory supply companies and are very convenient for collecting 
and shipping specimens of whole blood. 

The preservative effect of fluoride is due to its inhibitory effect on 
enzymes. For this reason, blood so preserved cannot be used for urea 
determinations since fluoride inhibits the action of urease. 

IV. Serum Specimens.— When serum specimens are required, no anti- 
coagulant is used. Draw blood by venepuncture using a dry syringe and 
needle, and transfer it immediately to a chemically-elean, dry test tube 
or centrifuge tube. Do not use so much pressure on the syringe piston that 
a froth is formed. Allow the tube to stand for a short time until the clot 
forms, then chill in ice water and place in the refrigerator. When the clot 
has contracted, gently loosen it with a glass rod or applicator, if necessary, 
and centrifugalize. Pipet or pour off the clear serum into a dry, clean tube. 

If no centrifuge is available, place the tube containing the blood nearly 
horizontal so that a long, slanting surface is produced. Do not move it 
until clotting is complete, then chill and place in the refrigerator overnight. 
Pour off the clear serum from the side of the tube opposite the slant. 
Syringes, needles and tubes must be clean and dry, otherwise hemolysis 
will occur vitiating many of the results of subsequent analyses. 

CHEMICAL EXAMINATIONS 

Wien the non-protein constituents of blood are to be determined the 
protein is removed by means of a precipitant. The most useful method 
is that of Folin and Wu in which the precipitating agent is tungstic acid. 
One of the principal advantages of this method is that a single filtrate may 
be used for a large number of different analyses. 

In the original method the blood is first laked with distilled water, then 
sodium tungstate added, followed by sulfuric acid. There are numerous 
modifications and variations of this method. The most commonly used 
modification is that of Hadcn in which the sulfuric acid and distilled water 
are combined and measured as one solution. This dilute acid is added to 
the blood before the tungstate thereby resulting in conversion of some of 
the hemoglobin to acid hematin, in which form it is precipitated by the 
tungstate. It is claimed that this modification will produce filtrates of 
greater clarity. However, filtrates prepared in this manner may contain 
as much as 10 per cent more non-protein nitrogen than when the original 
Fohn-Wu procedure is used. This is probably due to the slightly greater 
solubility of the acid hematin precipitate as compared to the hemoglobin 
precipitate, the form in which precipitation occurs when the tungstate is 
added first. 6 

The zinc hydroxide filtrate of Somogyi is also widely used. It is par _ 
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ticuiarlj advantageous in the determination of blood sugar where it gi\es 
accurate results. The tungstic acid filtrates may contain substances other 
than sugar which react with the reagents used in the determination, and 
thus ghe results higher than the true sugar values. These substances are 
removed by the zinc b\ droxide method of precipitation. However, filtrates 
prepared in this manner will give low values for non-protein nitrogen, uric 
acid and creatinine, since these are precipitated in part by the zinc hydrox- 
ide Consequently if this type of filtrate is used for the determination of 
sugar, and it is desired to determine any of the other substances on the 
same sample, it is necessary to prepare a second blood filtrate by the 
tungstic acid method. 

Another commonly used protein precipitant is trichloracetic acid. It is 
of great value in those reactious with which tungstic acid would interfere. 
Common examples of its iu>e as a precipitant are the determinations of 
calcium, phosphorus, phosphatase, and the sulfonamides. 

I. Preparation of Protein-free Blood Filtrate (Folin and Wu).— 

1. Reagents.— (o) Sodium Tungstate, 10 per cent aqueous solution. 

(6) Sulfuric Acid, 0.66 X.— To 66 cc. of 1 X sulfuric acid add 33 cc. 
of distilled water. The 1 X sulfuric acid must be accurately standardized 


d will depend upon the number of different 
determinations desired. About 10 cc. wUl gi\ e sufficient filtrate for all of 
the routine analyses that can be done on this type of filtrate. Where a 
single procedure only is desired, 2 cc. of blood suffice, and for two to four 
procedures, 5 cc. are sufficient. 

2. Procedure.— Transfer a measured amount, which is 1 volume, of 
oxalated blood to a flask having a capacity 15 to 20 times that of the 
volume taken. Dilute the blood with 7 volumes of distilled water and mix. 
With a pipet add 1 \ olurne of 10 per cent sodium tungstate and mix. With 
another pipet add, with constant shaking, 1 volume of 0.66 X sulfuric acid. 
Close the flask with a rubber stopper and give a few vigorous shakes. If 
conditions are right hardly a single bubble will form as a result of the 
shaking. 

When blood is properly coagulated, the color of the coagulum gradually 
changes from pink to chocolate. If this change does not occur, even after 
standing fifteen to twenty minutes, the coagulation is incomplete due 
usually to inaccurate 0.66 X solution of sulfuric acid. In such an emergency, 
the sample may sometimes be saved by the cautious addition of 10 per cent 
sulfuric acid; add the acid drop by drop, shaking vigorously after each 
addition and allowing the mixture to stand for a few minutes before adding 
more, until coagulation is complete. 

Pour the mixture on a filter large enough to hold the entire contents of 
the flask and cover with a watch glass. If the filtration is begun by pouring 
the first few cubic centimeters of the mixture down the double portion of 
the filter paper, the filtrate is almost invariably as clear as water from the 
first drop; if the first portion is not clear, return it to the filter. 

On the average, 10 cc. of blood wfll yield about 35 cc. of filtrate after 
filtering for thirty minutes; from 45 to 50 cc. in one hour; and about 55 cc. 
in one and a half hours; while, by allowing the filtration to continue over- 
night, as much as 65 cc. can be obtained. 
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The fact that the protein precipitation is done volumetrically makes 
for several advantages; it not only allows use of all of a small sample of 
blood, but it gives a filtrate, which regardless of the initial quantity of 
blood used, is itself 10 per cent blood. Thus, no matter what amount of 
blood be taken at first, 10 cc. of the filtrate correspond to 1 cc. of blood, 
5 cc. of filtrate to 0.5 cc. of blood, and so on. This considerably simplifies 
the calculations. 

The most probable source of error in the above procedure lies in the 
use of improper sulfuric acid solution. The strength of the sulfuric acid 
must always be determined, and adjusted if necessary, by titration against 
an accurate 1 N solution of alkali. If the acid is too weak the filtrate will 
be cloudy and colored and high values for the non-protein nitrogen and 
urea will be obtained. If the acid is too strong, a clear and colorless filtrate 
will be obtained, but the values for sugar and uric acid will be too low. 

When the urea nitrogen is to be determined the preparation of the 
filtrate is modified as follows: To one volume of blood add 7 volumes of 
distilled water, then add approximately 10 to 20 mg. of a purified urease 
free from non-protein nitrogen. Allow to stand at room temperature, or in 
an incubator if the temperature of the room is below 20° C., for twenty 
minutes. Complete the preparation of the filtrate in the usual manner by 
the addition of the tungstate and sulfuric acid. 

This same filtrate may be used for all other determinations, which use 
a tungstic acid filtrate, provided no interfering material is present in the 
added urease. The principal contaminant is non-protein nitrogen, and in 
some preparations this may exceed the amount to be found in the blood. 
If this filtrate is to be used for a non-protein nitrogen determination a 
specially purified urease must be used. Squibb’s “Double-strength” 
urease is one of the few commercial preparations available containing no 
non-protein nitrogen. 

Other extracts may be used for urea if non-protein nitrogen determina- 
tion is not required. No interference from such a urease preparation has 
been found to occur with any of the other blood constituents. 

II. Determination of Non-protein Nitrogen (Folin and Wu).— 

1. Reagents.— (a) Sulfuric-phosphoric Acid Digestion Mixture.— Mix 
300 cc. of phosphoric acid (about 85 per cent HjPO,) with 100 cc. of con- 
centrated sulfuric acid. Transfer to a tali cylinder, cover well to exclude 
ammonia, and set aside for sedimentation of calcium sulfate. This sedi- 
mentation is very slow, but in the course of a week or so the top part is 
clear, and 50 to 100 cc. can be removed by means of a pipet. If this cannot 
be done, rapid ccntrifugalization will yield a perfectly clear solution. To 
100 cc. of tiie clear acid mixture add 10 cc. of a 0 per cent copper sulfate 
solution, and 100 cc. of distilled water. 

W Standard Nitrogen Solution.— A concentrated stock solution is pre- 
pared by dissolving -1.716 gin. ot pure, dry ammonium sulfate in 1 liter 
of 0.2 N sulfuric 1 T' " T *’ •. 

and the solution . . . . - ' 

of tliia solution t . . ■ \ . ' : ■ . ; 

I cc. contaius 0.1 mg. nitrogen. 


(c) Nailer i Solution (K’oeli and .McMcekin).— Dissohe ° , ' > a> gui of 
mdme in 20 cc. of water containing 30 gin. of potassium iodide. After 
the solution is complete add 30 gm. of pure metallic mercury and shake 
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the mixture well, keeping it from becoming hot by immersing in tap water 
from time to time. Continue until the supernatant fluid has lost all color 
due to iodine. Decant the supernatant from the excess mercury and test 
for free iodine by adding a few drops thereof to 1 cc. of a 1 per cent solution 
of starch. If the starch test for iodine is negative the solution may contain 
mercurous compounds; in this case, add to the remaining solution a few 
drops of an iodine solution of the same concentration as employed above, 
until a faint excess of iodine can be detected by the starch solution. Dilute 
to 200 cc and mix thoroughly. To 975 cc. of an accurately prepared 10 per 
cent NaOH solution, now add the entire solution of potassium mercuric 
iodide prepared above. Mix thoroughly and allow to settle. 

2. Procedure.— Introduce 5 cc. of the protein-free blood filtrate cor- 
responding to 0 5 cc. of blood, into a dry, 75-cc. test tube graduated at 
35 cc. These tubes must be made of pyrex or other resistant glass, and 
the most convenient size is 200 x 25 mm. Add 1 cc. of the sulfuric-phos- 
phoric acid digestion mixture, and boil \igorously over a micro-burner 
until the characteristic, dense, acid fumes begin to fill the test tube, which 
is usually in from three to seven minutes. If the test tube is held in a 
slightly inclined position, and the heating begun by applying the flame of 
the micro-burner at the side of the tube and just below the top of the con- 
tained mixture, no bumping will occur; as the mixture begins to boil, the 
flame can be applied lower down and, finally, under the bottom of the tube. 
Unless this method of heating is followed, bumping is likely to be trouble- 
some, and may e\ en result in the loss of a part or all of the preparation. 

Wien the sulfuric acid fumes are unmistakable, cut down the flame so 
that the contents of the tube are just visibly boiling and close the mouth 
of the test tube with a small watch glass. 

Continue the heating very gently for two minutes from the time the 
fumes begin to be unmistakable, c\en if the solution has become clear 
and colorless at the end of twenty to forty seconds. If the oxidation is not 
visibly finished at the end of two minutes, the heating must be continued 
until the solution is nearly colorless. 

Allow the contents to cool for seventy to ninety seconds, and then add 
15 to 25 cc. of distilled water; cool further, approximately to room tem- 
perature, and add distilled water to the 35-cc. mark. Occasionally there is 
formed a heavy white precipitate, probably silicates; this may settle out, 
or can be readily removed by centrifugalizing or filtering after nessleriza- 
tion, and just before reading against the standard. 

When the unknown has been prepared, a standard for comparison is 
made as follows: Place 3 cc. of the standard nitrogen solution, containing 
0.3 mg. of nitrogen, in a 100-cc. volumetric flask; add 2 cc. of the sulfuric- 
phosphoric acid digestion mixture referred to above, and then about 50 cc. 
of distilled water. 

Then add to the unknown 15 cc. and to the standard 30 cc., respectively, 
of the Nessler s solution; fill the standard to the mark with distilled water; 
mix each thoroughly by inverting several times and compare in the color- 
imeter .. It is essential that the unknown and the standard be nesslerized at 
approximately the same time. 

3. Calculation.— The reading of the standard, usually 20 mm , multiplied 
by 30, and divided by the reading of the unknown, gives the non-protein 
nitrogen in mg. per 100 cc. of blood. 
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III. Urea Nitrogen (Gentzkow and Masen).— 

1. Re a gents.— (a) Stock Standard Nitrogen Solution.— Dissolve 7.074 gm. 
of ammonium sulfate in 1 liter of 0.1 N sulfuric acid. 

(6) Working Standard Nitrogen Solution.— Dilute 5 cc. of the above 
stock solution to 500 cc. with 0.01 N sulfuric acid (0.015 mg. N 2 per cc.). 

(c) Potassium Gluconate, 1 per cent aqueous solution.— Make up a fresh 
solution weekly and store in the refrigerator. 

(d) Potassium Persulfate.— A 2.5 per cent solution of the chemically 
pure, nitrogen-free salt. Prepare a fresh solution weekly. Keep in the 
refrigerator and remo\e only long enough to obtain that required as decom- 
position is rapid at higher temperatures. 

(c) Urease, Squibb, Double-strength, Powdered. 

(/) Nessler’s Solution (Polin's), modified by reducing the alkali con- 
centration from 7 per cent to 5 per cent. Transfer 150 gm. of K1 and 
1 10 gm. of la to a 500-cc. Florence flask; add 100 cc. of water and 140 to 
150 gm. of mercury. Shake continuously and vigorously for seven to 
fifteen minutes, or until the dissolved iodine has nearly all disappeared. 
The solution becomes hot. When the solution begins to pale visibly, 
though still red, cool in running water. Continue shaking until the red 
has been replaced by the greenish color of the double iodide. This operation 
should not take more than fifteen minutes. Separate the solution from the 
surplus mercury by decantation. Dilute the solution to a volume of 2 liters. 
A proportionately smaller amount may be made. If the cooling was begun 
in time, the resulting reagent is clear enough for immediate dilution as 
follows: Place 500 cc. of 10 per cent NaOH in a liter volumetric flask, 
add 150 cc. of stock Nessler’s and dilute to the mark with distilled water. 
Allow to stand for three days to permit sedimentation of the small amount 
of precipitate which forms. 

(?) IV ratten Gelatin Filter No. 75.— This filter transmits in the region 
of wa\c length 490 mji. If there is a blue daylight filter in the optical 
system of the colorimeter, this must be removed. 

2. Procedure. —Prepare a protein-free blood filtrate us described on 
page 201. Place 5 cc. of the filtrate in a test tube graduated at 20 and 25 cc. 
In a similar tube place 5 cc. of the working standard, containing 0.075 mg. 
of N*, and to each add distilled water to the 20-cc. mark. Mix by shaking. 

Prepare the nesslcrizing solution by mixing 1 part of the gluconate and 
1 part of the persulfate solutions. Pour this mixture into an equal \ olrnne 
of Nessler's i • . \ 

mixture mus , . , . 


unknown tuli: _ „ 0 ■ 

d»p|tor »nil mix by \ morons shaking. Allow to stand for fiftccrT minutes 
to develop full color, then compare in a colorimeter in the usual manner 
“'‘"I Xo - ” , fl "" !>'« U,B of the colorimeter. Comparisons 

vlnmlil be completed within one hour after ncsslcrization. Keep the tubes 
>topj>crvu as much of the time as i>ossib]e. 


3. Calculation, 
uf hluod. 


Heading of Standard 

Heading of Unknown ^ ^ = ln P - Ulx ‘ a ^ per 100 cc. 


I. Precautions. — Proportionality druids only ov er a two-fold ranee Will, 
a standard rtpt.d to lo ,„ s . urea N ,ar UK) cc. the concentration of the 
unknown should lie nut than b nor more than 30 mg. j>er 100 cc *uid 
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(o) SLindard Creatinine Solution.— A stock .solution is first prepared by 
dissolving 1.0100 gin. of creatinine zinc chloride in 1 liter of 0.1 N hydro- 
chloric acid. The working standard is prepared by diluting 3 cc. of the 
stock standard to 500 cc. with 0 01 X h\ clroehloric acid. Transfer to a 
bottle and add 4 or 3 drops of toluene or xylene. Fix e cc. of this solution 

< on tain 0 03 mg. of creatinine. 

J. Procedure.— Place 10 cc. of the protein-free blood filtrate, correspond- 
ing to 1 cc. of blood, in a small flask, or test tube. Place .3 cc. of the standard 

< reatininc solution in another flask and add 15 ec. of water. To 25 cc. of 
the 0 2G per cent solution of picric acid add 5 cc. of 10 per cent sodium 
hydroxide solution. Then add 5 cc. of the alkaline picrate solution, freshly 
prepared as abo\e, to the blood filtrate, and 10 cc. to the diluted creatinine 
standard. 

let stand fifty minutes ami compare in the colorimeter. The reading' 
should be completed yyithin sixty minutes from the time the alkaline 
picrate solution was added to the filtrate and standard. 

The creatinine standard solution is so made that 5 cc. contain 0.03 mg. 
of creatinine, and this amount plus 15 cc. of water represents the standjnl 
needed for the vast majority of human bloods, for it coyers die range of 
1 to 2 mg. per 100 cc. of blood. In the case of bloods showing retention of 
creatinine take 10 cc. of the standard plus 10 cc. of water, which coyer> 
the range from 2 to 4 mg. of creatinine per 100 cc. of Mood; or 15 cc. of 
the standard plus 5 ec. of yvatcr, by which 1 to G rng. jxt 100 cc. of blood 
can be estimated. By taking the full 20 cc. yolutne of the standard solu- 
tion, at least 8 mg. can be estimated; but when working with such bloods, 
it is better to substitute 5 cc. of the blood filtrate plus 5 cc. of yyatcr for 
the usual 10 cc. of filtrate. The concentration of the standard should be 
within about 1.5 times that of the filtrate in order to obtain proportionality 
in matching. This is due to die presence of the picric acid. By using the 
proper filter the effect of the picric acid on die colorimetric matching can 
be largely eliminated and the proportionality can be extended from a range 
of 1.5 to 5. The most suitable yva\c band is 520 nip. No single filter is 
available coyering this particular yvave band, but a combination of two 
Wratten gelatin filters, No. 45 II plus 5S B2, which may be mounted 
together betw cen circular coy er slips w ill isolate this yvay e band effeedy elv. 
Using such a filter, the range of proportionality will be extended about 
4-fold, thus with the 5 cc. standard, equivalent to 1.5 mg. creatinine per 
100 cc. of blood it is possible to measure specimens up to about G mg. per 
100 cc. of blood. 

3. Calculation.— The reading of the standard, usually 20 mm., multiplied 
by 1.5, 3, 4.5, or 6 depending upon whether 5, 10, 15 or 20 cc., respectively, 
of the standard solution were used, and divided by die reading of the 
unknown, gives the creatinine in mg. per 100 cc. of blood. 

When the amount of the blood filtrate available for the creatinine deter- 
mination is too small to permit a repetition, it is adyantageous to start 
with more than one standard. If, howeyer, a high creatinine should be 
encountered unexpectedly without several standards ready, the determina- 
tion can be layed by diluting the unknown with an appropriate amount 
of the alkaline picrate solution, using for such dilution a picrate solution 
first diluted with « volumes of water, so as to preserve equality between 
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the standard and the unknown in regard to the concentration of picric 
acid and sodium hydroxide. 

YI. Determination of Uric Acid (Brown). 

1. Reagents.— (a) Standard Solution of Uric Acid .— A stock is first pre- 
pared. Transfer exactly 1 gm. of uric acid to a funnel on a 300-cc. Erlen- 
ineyer flask. Transfer 0.45 to 0.5 gm. of lithium carbonate to a 300-cc. 
beaker, add 150 cc. of distilled water and heat to 60° C., shaking or stirring 
until all of the carbonate has dissolved. With the hot carbonate solution 
rinse the uric acid solution into its flask and shake. The uric acid dissolves 
practically at once. As soon as a clear solution is obtained, cool under 
running water with shaking and transfer to a liter volumetric flask, rinsing 
into the flask with distilled water to a volume of 500 cc. Add 25 cc. of 
formalin, and after shaking to insure thorough mixing, add 3 cc. of glacial 
acetic acid. Shake to remove most of the carbon dioxide and dilute to the 
mark. Keep in small, tightly stoppered bottles in a dark place under 
refrigeration. 

(6) Working Standard .— Dilute 5 cc. of the stock solution in a liter 
volumetric flask to 800 cc. with water; add 2 cc. of formalin and 20 cc. 
of 0.66 N sulfuric acid. Dilute to the mark. Five cc. are equivalent to 
0.025 mg. uric acid. This standard keeps about eight weeks. 

(c) Sodium Cyanide Solution .— Place 5 gm. of sodium cyanide in a 
100-cc. volumetric flask and dilute to the mark with distilled water. Prepare 
fresh every month. Never pipet this poisonous solution. 

(d) Uric Acid Reagent .— Place in a 1000-cc. Erlenmeyer flask 100 gm. 
of sodium tungstate, 80 cc. of phosphoric acid, and about 700 cc. of water. 
Boil gently for two hours using a reflux condenser. Cool and dilute to 
1 liter. 

2. Procedure.— Pipet 10 cc. of protein-free blood filtrate into a small 
Erlenmeyer flask and add 5 cc. of water. To each of two similar flasks 
add, respectively, 5 and 10 cc. of the uric acid standard, and 10 and 5 cc. 
of water. To all flasks add from a buret 5 cc. of sodium cyanide solution. 
Then add 0.5 cc. of the uric acid reagent. Mix and allow to stand for 
twenty minutes. Compare the unknown in the colorimeter with the stand- 
ard which it more nearly resembles in depth of color. 

3. Calculation.— Where the 5 cc. standard containing 0.025 mg. of uric 
acid is used for the comparison, the reading of the standard times 2.5 
divided by the reading of the unknown equals mg. of uric acid per 100 cc 
of blood. When the 10 cc. standard is used for the comparison, the reading 
of the standard times 5 divided by the reading of the unknown equals 
mg. uric acid per 100 cc. of blood. 

VII. Determination of Sugar (Folin and Wu). 

1. Reagents.— (a) Stock Sugar Solution and Standards .— One per cent 
anhjdrous dextrose in 0.25 per cent benzoic acid; this solution, when 
prepared with 0.25 per cent benzoic acid will not decompose. Two working 
standards are prepared from this stock standard. The weaker solution 
contains 0.1 mg. of sugar per cc. and is prepared by diluting 5 cc. of the 
stock solution to 500 cc. with 0.25 per cent benzoic acid solution. The 
stronger standard is prepared by diluting 5 cc. of the stock solution to 
250 cc. with 0.25 per cent benzoic acid. 

(6) Alkaline Copper Solution .— Dissolve 40 gm. of pure anhydrous 
sodium carbonate in about 400 cc. of distilled water in a liter flask. Add 
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7.5 gm.'Of tartaric acid, and when the latter has dissolved, add 4.5 gm. 
of crystallized copper sulfate. Mix and make up to the liter mark with 
distilled water. 

(c) Molybdate- Phosphate Solution.— Place 35 gm. of mol>bdic acid and 
5 gm. of sodium tungstate in a liter beaker. Add 200 cc. of 10 per cent 
sodium hydroxide solution and 200 cc. of distilled water. Boil vigorously 
for twenty to forty minutes. Cool, dilute to about 350 cc. with distilled 
water and add 125 cc. of concentrated (85 per cent) phosphoric acid. 
Dilute to 500 cc. with distilled water. 

2 Procedure.— Place 2 cc. of the protein-free blood filtrate, correspond- 
ing to 0.2 cc. of blood, in a special blood sugar test tube; these tubes are 
graduated at 25 cc. and are constricted toward the bottom so as to form a 
bulb which will contain 4 cc., this amount of fluid rising to just within 
the constricted portion of the tube. In two other similar tubes place 2 cc. 
of the standard sugar solutions containing, respectively, 0.2 and 0.4 mg. 
of dextrose. To each of the three tubes add 2 cc. of the alkaline copper 
solution. 

The surfaces of the mixtures must now have reached the constricted 
parts of the tubes, and must not lie above these parts. If the bulb of the 
tube is too large for the volume, 4 cc., a little, but not more than 0.5 cc. 
of a 1 to 1 aqueous dilution of the alkaline copper solution may be added. 
Tubes of either too large or too small capacity should be discarded; the 
surface of the mixture should lie within the constriction. 

Transfer the tubes to a boiling water bath, and heat for six minutes; 
then transfer to a cold water bath and allow to cool, without shaking, for 
two or three minutes. 

Add to each tube 2 cc. of the molybdate-phosphate solution. The 
cuprous oxide dissolves rather slowly if the amount present is large; but 
the whole, up to the quantity given by 0.8 mg. of dextrose, dissolves 
usually within two minutes. 

When the cuprous oxide is dissolved, dilute the resulting solutions to 
the 25-cc. mark with a 1 + 4 dilution of the molybdate-phosphate reagent, 
mix each tube thoroughly by in\erting several times, using care to insure 
complete mixing, as the greater part of the color is developed in the bulb 
of the tube. Compare in the colorimeter, using the standard which more 
nearly approximates the unknown. 

3. Calculation. — When the weaker standard is used, i. e., the one con- 
taining 0.2 mg. of dextrose, the reading of the standard, usually 20 mm., 
multiplied by 100 and divided by the reading of the unknown, gives the 
sugar in mg. per 100 cc. of blood. When the stronger standard is used, 
substitute 200 for the 100 in the calculation. 

VlII. Glucose Tolerance Test. 

Following the ingestion of a definite amount of glucose, blood sugar is 
determined at intervals. Urine specimens, collected at the same time 
intervals, are tested for glucose, and, if positive, the amount present is 
determined. 

The dosage of glucose given by different workers varies considerably- 
Present practice is to gi\e 100 gm. to all adults of average height and 
muscular build. This dosage is used rather than one based on weight for 
it is the liver, pancreas and musculature that are concerned in carbohydrate 
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metabolism and not the body fat upon which the weight of the individual 
depends. 

For children and for adults who vary widely from the average, a dosage 
of 1.75 gm. of glucose per kilogram of body weight may be used. 

A simplified practice consists of taking a fasting blood specimen and 
then giving a very heavy carbohydrate breakfast including such items as 
fruit and cereal, both with large amounts of sugar added, toast with jams 
or jellies, French toast or hot cakes with syrup, etc. Two hours after this 
meal, a second blood specimen is taken and a urine special ends obtained. 
In a normal individual the blood sugar should approximate the fasting 
level and there should be no glycosuria. 

If there should be any doubt regarding absorption of ingested glucose, 
resort may be had to intravenous administration. The usual dosage is 
50 cc. of a 50 per cent solution of glucose especially prepared for intra- 
venous use. 

1. Reagents.— Those for blood and urine sugar and in addition: 

(a) Glucose . —This is usually given in 40 to 50 per cent solution with 
lemon juice added to make it more palatable. 

2. Procedure.— Obtain blood and urine specimens from the fasting 
patient. Give the glucose solution and note the time. Half an hour, one 
hour, two hours and three hours later take blood and urine specimens. 
Determine glucose in each blood specimen and test eacli urine for sugar. 
If any urine specimens are positive, determine the amount of sugar present. 

It is important that the individual be on a full, well-balanced diet for 
several days prior to the test. If on a much-restricted intake, the results 
may simulate those of carbohydrate starvation 

3. Result.— Record the blood and urine glucose for each specimen and 
also the dosage of glucose given, with mode of administration. 

IX. Determination of Chlorides (Schales and Schales). 

1- Reagents.— (a) Standard Sodium Chloride Solution .— Dry chemically 
pure sodium chloride at 120° C. to constant weight. Dissolve 0.500 gm. 
in 200 to 300 cc. of distilled water in a liter \olumctric flask and make up 
to 1 liter with distilled water. 

(5) Mercuric Nitrate Solution .— Dissolve 1.5 gm. of chemically pure 
mercuric nitrate in a few hundred cc. of distilled water with the addition 
‘ th distilled water. 

: chloride solution, 

r» . - - the same strength 

as uic sodium chloride solution. 

(c) Indicator Solution.— Dissolve 100 mg. of s-diphenylcarbazonc in 
100 cc. of 95 per cent ethyl alcohol and store in a dark bottle in the refriger- 
ator. A fresh solution should be prepared each week. 

-• Procedure.— Pipet 5 cc. of the Folin-Wu protein-free blood filtrate 
corresponding to 0.5 cc. of blood, into a porcelain dish. Add 0 00 cc* 
(4 drops)>of indicator solution, and titrate with the mercuric nitrate* 
Mimtion, using a microburet calibrated in 0.01 cc. intervals. The 1 
colorless solution turns an intense violet-blue on the addition of th/first 
drop of mercuric nitrate solution in excess. ' 

3. Calculation.— The reading of the buret multinlied bv too • 
directly the chloride as sodium chloride in 100 cc. of blood. ^ 8 lv <*s 
X. Determination of Cholesterol (Lciboif). 
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7.5 gm.'of tartaric acid, and when the latter has dissolved, add 4.5 gm. 
of crystallized copper sulfate. Mix and make up to the liter mark with 
distilled water. 

(c) Molybdate-Phosphate Solution.— Place 35 gm. of molybdic acid and 
5 gm. of sodium tungstate in a liter beaker. Add 200 cc. of 10 per cent 
sodium hydroxide solution and 200 cc. of distilled water. Boil vigorously 
for twenty to forty minutes. Cool, dilute to about 350 cc. with distilled 
water and add 125 cc. of concentrated (85 per cent) phosphoric acid. 
Dilute to 500 cc. with distilled water. 

2. Procedure.— Place 2 cc. of the protein-free blood filtrate, correspond- 
ing to 0.2 cc. of blood, in a special blood sugar test tube; these tubes are 
graduated at 25 cc. and are constricted toward the bottom so as to form a 
bulb which will contain 4 cc., this amount of fluid rising to just within 
the constricted portion of the tube. In two other similar tubes place 2 cc. 
of the standard sugar solutions containing, respectively, 0.2 and 0.4 mg. 
of dextrose. To each of the three tubes add 2 cc. of the alkaline copper 
solution. 

The surfaces of the mixtures must now have reached the constricted 
parts of the tubes, and must not lie above these parts. If the bulb of the 
tube is too large for the volume, 4 cc., a little, but not more than 0.5 cc. 
of a 1 to 1 aqueous dilution of the alkaline copper solution may be added. 
Tubes of either too large or too small capacity should be discarded; the 
surface of the mixture should lie within the constriction. 

Transfer the tubes to a boiling water bath, and heat for six minutes; 
then transfer to a cold water bath and allow to cool, without shaking, for 
two or three minutes. 

Add to each tube 2 cc. of the molybdate-phosphate solution. The 
cuprous oxide dissolves rather slowly if the amount present is large; but 
the whole, up to the quantity given by 0.8 mg. of dextrose, dissolves 
usually within two minutes. 

When the cuprous oxide is dissolved, dilute the resulting solutions to 
the 25-cc. mark with a 1 + 4 dilution of the molybdate-phosphate reagent, 
mix each tube thoroughly by inverting several times, using care to insure 
complete mixing, as the greater part of the color is developed in the bulb 
of the tube. Compare in the colorimeter, using the standard which more 
nearly approximates the unknown. 

3 Calculation. —When the weaker standard is used, i. e., the one con- 
taining 0.2 mg. of dextrose, the reading of the standard, usually 20 mm., 
multiplied by 100 and divided by the reading of the unknown, gives the 
sugar in mg per 100 cc. of blood. When the stronger standard is used, 
substitute 200 for the 100 in the calculation. 

VIII. Glucose Tolerance Test, 

Following the ingestion of a definite amount of glucose, blood sugar is 
determined at intervals. Urine specimens, collected at the same time 
intervals, are tested for glucose, and, if positive, the amount present is 
determined. 

The dosage of glucose given by different workers varies considerably. 
Present practice is to give 100 gm. to all adults of average height and 
muscular build. This dosage is used rather than one based on weight for 
it is the liver, pancreas and musculature that are concerned in carbohydrate 
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metabolism and not tile body fat upon which the weight of the individual 
depends. 

For children and for adults who vary widely from the average, a dosage 
of 1.75 gm. of glucose per kilogram of body weight may be used. 

A simplified practice consists of taking a fasting blood specimen and 
then giving a very heavy carbohydrate breakfast including such items as 
fruit and cereal, both with large amounts of sugar added, toast with jams 
or jellies, French toast or hot cakes with syrup, etc. Two hours after this 
meal, a second blood specimen is taken and a urine specimen is obtained. 
In a normal individual the blood sugar should approximate the fasting 
level and there should be no glycosuria. 

If there should be any doubt regarding absorption of ingested glucose, 
resort may be had to intravenous administration. The usual dosage is 
50 CC. of a 50 per cent solution of glucose especially prepared for intra- 
venous use. 

1. Reagents.— -Those for blood and urine sugar and in addition: 

(a) Glucose .— This is usually given in 40 to 50 per cent solution with 
lemon juice added to make it more palatable 

2. Procedure.— Obtain blood and urine specimens from the fasting 
patient. Give the glucose solution and note the time. Half an hour, one 
hour, two hours and three hours later take blood and urine specimens. 
Determine glucose in each blood specimen and test each urine for sugar. 

If any urine specimens are positive, determine the amount of sugar present. 

It is important that the individual be on a full, well-balanced diet for 
several days prior to the test. If on a much-restricted intake, the results 
may simulate those of carbohydrate starvation 

3. Result.— Record the blood and urine glucose for each specimen and 
also the dosage of glucose given, with mode of administration. 

IX. Determination of Chlorides (Schales and Schales). 

1. Reagents.— (a) Standard Sodium Chloride Solution .— Dry chemically 
pure sodium chloride at 120° C. to constant weight. Dissolve 0.500 gm. 
in 200 to 300 cc. of distilled water in a liter volumetric flask and make up 
to 1 liter with distilled water. 

(b) Mercuric Nitrate Solution .— Dissolve 1.5 gm of chemically pure 
mercuric nitrate in a few hundred cc. of distilled water with the addition 
of 20 cc. of 2 N nitric acid and make up to 1 liter with distilled water. 
Titrate this solution against 5 ec. of the standard sodium chloride solution, 
using 4 drops of the indicator, and adjust it to exactly the same strength 
as the sodium chloride solution. 

(c) Indicator Solution.— Dissolve 100 mg. of s-diphenylcarbazone in 
100 cc of 95 per cent ethyl alcohol and store in a dark bottle in the refriger- 
ator. A fresh solution should be prepared each week. 

2. Procedure.— Pipet 5 cc. of the Folin-Wu protein-free blood filtrate, 
corresponding to 0.5 cc. of blood, into a porcelain dish. Add 0.0G cc. 

(4 drops)* of indicator solution, and titrate with the mercuric nitrate 
solution, using a raicroburct calibrated in 0 01 cc. intervals. The clear 
colorless solution turns an intense violet-blue on the addition of the first 
drop of mercuric nitrate solution in excess. 

3. Calculation.— The reading of the buret multiplied by 100 gives 
directly the chloride as sodium chloride in 100 cc. of blood. 

X. Determination of Cholesterol (LciboJI). 

14 
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1. Keagents.— (a) Standard Solution of Cholesterol in Chloroform.— A 
stock solution is first prepared by dissolving 0,160 gm. of pure cholesterol 
in 100 cc. of chloroform. The working standard is made by diluting 5 cc. 
of the stock standard to 100 cc. with chloroform. Five cc. of standard 
contain 0.4 mg. of cholesterol. Preserve in dark-glass bottles, preferably 
in the refrigerator. 

(b) Acetic Anhydride— If not clear and colorless it may be purified by 
redistillation 


(c) Sulfuric Acid, concentrated. 

(d) Asbestos Cloth.— Medium weave cloth is first extracted in a Soxhlet 

continuous extractor with chloroform to remove impurities. The cloth is 
then dried and cut into 1 inch squares which are kept in a bottle of ether. 
The purpose of keeping the asbestos under ether is to prevent loose fiber 
and powder from falling into the tube when handling, which occurs if 
the asbestos is dry. B h as ether, easy 

drying is accomplished 

(«) Chloroform . — Chi -ohol added as a 

preservative. If purification is attempted by redistillation this alcohol is 
removed and the chloroform will gradually 
s - — -v decompose on standing. The decomposition 

^ ) products will react with the reagents and 

give erroneous results. It is preferable to use 
| a good grade of anesthetic chloroform rather 

-v. than attempt purification by redistillation. 
Akbcitoi I \\ the chloroform contains water this may be 

\<^>/ ) J removed by shaking with anhydrous potas- 

I sium carbonate, and then filtering. 

ce (f) Leiboff Extraction Tube (Fig. 21).— This 
ce ‘ particular form of tube is no longer available 
/ \ as a stock item from laboratory supply com- 

( ) panies, but may be obtained made to specifi- 

v — y cation from Eck and Krebs, New York City. 

Fio 21 —Leiboff extraction tube. 2. Procedure. — Remove a square of the 
asbestos cloth from the bottle of ether and 
place in the Leiboff extraction tube as shown in Figure 21. Place the 
tube in a beaker of hot water until the ether has been driven off. From 
a pipet drop 0.25 cc. of oxalated blood on to the cloth. Place in a 
desiccator and allow to dry in an incubator at a temperature not exceeding 
40° C. for two hours. If a vacuum pump is available, the desiccator may 
be evacuated and drying will take place in one hour at room temperature. 
Introduce about 4 cc. of chloroform into the extraction tube, connect to 
a reflux condenser and heat by means of a sand bath on a hot plate. Con- 
tinue the extraction for one hour. Detach the tube, remove the asbestos, 
allow to cool to room temperature and add chloroform to the 5-cc. mark. 
In another tube place 5 cc. of the standard cholesterol solution. Prepare 
a mixture of acetic anhydride and sulfuric acid by adding 0.1 volume of 
concentrated sulfuric acid to 1 volume of acetic anhydride. Cool in a 
water bath. This mixture must be freshly prepared and used as soon as 
cool. To both standard and unknown add 2 cc. of the acetic anhydride- 
sulfuric acid mixture. Mix and place in a beaker of water at a temperature 
of 20° to 25° C., and allow to remain in a dark cabinet for thirty minutes. 
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At the end of this period compare in the colorimeter with the standard 
set at 15 mm. 

3. Calculation.— Twenty-four hundred divided by the reading of the 
unknown equals mg. of cholesterol per 100 cc. of blood. 

Caution .—' The color developed by the action of the acetic anhydride 
and sulfuric acid on cholesterol in chloroform solution changes rapidly on 
removal from the water bath and exposure to light, and since the change 
in the standard is not at the same rate as in the unknown, it is essential 
that the matching be made as rapidly as possible, within two minutes 
from the time that the solutions are removed from the dark cabinet. If 
a series of unknown are to be read, and this cannot be done in two minutes, 
it is necessary to prepare another standard. This reaction is also seriously 
affected by moisture. It is, therefore, essential that all pipets, tubes, 
colorimeter cups and plungers be absolutely dry throughout the procedure. 

In certain bloods, particularly those containing bile pigment, the shade 
of color in the unknown may be quite different from that in the standard 
and difficulty will be experienced in the colorimetric matching. This 
difficulty can be eliminated by using in the eyepiece of the colorimeter a 
red filter such as Wratten No. 71-A. 

XI. Determination o! Cholesterol: Free, Esters, and Total (Schoen- 
heimer and Sperry). 

Free cholesterol is precipitated with digitonin and the digitonide so 
obtained is determined colorimetrically by means of a modified Lieberman- 
Burchard reaction. For total cholesterol, a portion of the serum extract 
is first hydrolyzed with alkali, converting the cholesterol ester present to 
free cholesterol. This is then determined in the same manner as the free 
cholesterol. Total cholesterol minus free cholesterol equals cholesterol 
ester. Because the cholesterol is first isolated from interfering material, 
this method is probably more accurate and specific than other methods 
commonly used in which direct determination without previous isolation 
is used. Also the color is developed in glacial acetic acid instead of chloro- 
form as in the original Lieberman-Burcbard reaction, and in glacial acetic 
acid the stability of the color is much greater resulting in greater accuracy 
in the colorimetric measurements. 

1. Reagents.— (o) Digiloniti Solution .— Dissolve 1 gm. of digitonin in 
1 liter of distilled water. Place the solution in the refrigerator for several 
days. Remove the precipitate that forms by filtration. Concentrate the 
solution to approximately one-half. This is best done by placing in a 
1 liter bottle and marking the bottle at a point representing one-half the 
total volume. Insert a two-hole stopper containing inlet and outlet tubes 
in the mouth of the bottle. The mouth of the inlet tube should be kept 
about 2 cm. abo'c the surface of the solution. A rapid current of air 
filtered through cotton is blown or drawn by suction through the bottle 
which is immersed in boiling water. Water is removed until the level of 
the solution falls to the half-way mark. This concentration requires three 
to four hours. Should a sediment appear in the concentrated solution, 
filter. 

(6) Acetone-Absolute Alcohol .— Equal parts of each. 

(c) Acetone- Ether.— 0 ne part of ether plus 2 parts of acetone. 

(d) Potassium Hydroxide Solution .— 10 gm. in 20 cc. of water. 

(e) Hydrochloric Acid Solution .— Dilute 15 cc. of concentrated HCl to 
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100 cc. with distilled water. (Approximately 5 per cent solution of hydrogen 
chloride.) 

(f) Cholesterol Stock Solution. —Dissolve 200 mg. of cholesterol in 100 cc. 
of glacial acetic acid. 

( g ) Cholesterol Working Standard.— Dilute 5 cc. of the stock solution to 
100 cc. with glacial acetic acid. 

2, Procedure.— (a) Preparation of Acctonc-Alcohol Extract.— Hold a 20-cc. 

■ ‘ ' ’ ; . ■ * ‘ ’ 10 cc. of acctone-absolutc 

■ . . >proach of the boiling-point 

j: “. of the hand. Lower a pipet 
containing 1 cc. of serum into the flask so that the tip is within a few 
millimeters of the hot solvent. Hocking the flask and pipet, slowly intro- 
duce the serum. Agitate the mixture \ igorou.dy to disintegrate the clumps 
of protein. Heat the contents of the flask to boiling on the water bath. 
Cool, bring to volume with acetone-alcohol, mix thoroughly and pass 
through a dry filter to obtain a clear extract. 

(6) Precipitation of Free Cholesterol.—' To G cc. of the extract in a 15-ce. 
centrifuge tube add 3 cc. of digitonin solution. Stir with a fine glass rod 
and lca\ e it in the tube. Place the tube in a pint- or quart-size Mason jar, 
cover tightly and leave at room temperature for at least one hour, prefer- 
ably overnight. 

Stir gently to free particles from the walls of the tube. Rcmo\c the 
stirring rod without touching the upper part of the tube and lay it on a 
rack so that no adherent precipitate is rubbed oJF. Centrifugalize at 
2500 r.p.m. for fifteen minutes. Slowly aspirate the supernatant fluid with 
a capillaiy pipet to which suction is very cautiously applied. Do not touch 
the walls nor disturb the precipitate. A few particles, probably cholesterol 
ester, usually float at or near the surface and are removed with the fluid. 

Replace the stirring rod. Wash the walls and rod with about 3 cc. of 
acetone-ether. After thorough stirring, transfer the rod to the rack and 
centrifugalize the tube for five minutes. Aspirate the supernatant fluid 
employing less suction than with the acetone-alcohol. For the two suc- 
ceeding washings use ether only. Finally place the stirring rod in the tube* 
and heat in a water bath at approximately 40° C. to dry the precipitate 
(two to three minutes). The last traces of ether are drawn off with the 
aid of a pipet attached to a suction pump. 

(c) Precipitation of Total Cholesterol.— To 2 cc. of extract in a 15-ce. 
centrifuge tube, add 2 drops of the KOH solution. Stir into solution and 
leave the rod in the tube. Set aside in a Mason jar containing a layer of 
sand about 3 cm. deep which has been heated to 40° C. Clamp the cov er 
on and keep the jar at 37° to 40° C. for thirty minutes. This procedure 
hydrolyzes the cholesterol esters. 

After cooling the tube to room temperature, add 1 cc. of the acetone- 
alcohol mixture and titrate with 5 per cent IIC1, using phenolphthalein 
as the indicator. Stir after the addition of each drop of acid. Since alkali 
interferes with the precipitation of cholesterol digitonide, an excess of 
HC1 is necessary. A slight excess of the latter does not affect the pre- 
cipitation. 

Add 2 cc. of digitonin solution, stir thoroughly and set aside at least 
one hour, preferably overnight. Centrifugalize and wash the precipitate 
as for free cholesterol. Only one ether washing is necessary. 
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{d) Color Development and Measurement.— Add to each tube 2 cc. of 
glacial acetic acid, washing down the walls of the tube to catch adherent 
particles of cholesterol digitonide. Dissolve by warming the tube in a water 
bath at 50° to 60° C. and stirring. Adjust the bath to 25° C. and allow the 
tubes to come to temperature equilibrium (thirty seconds). Remove the 
tubes one at a time and add 4 cc. of acetic anhydride followed by 0.2 cc. 
of concentrated sulfuric acid. Stir vigorously, then place the tube in a 
water bath maintained at 25° C. in complete darkness. 

Simultaneously prepare a standard using 2 cc. of the cholesterol standard, 
4 cc. of acetic anhydride and 0.2 cc. of sulfuric acid. 

Make the color comparisons between twenty-seven and thirty-seven 
minutes after addition of the acid. When using a visual colorimeter place 
over the ocular a red color filter such as Wratten color filter No. 71 A 
(Eastman Kodak Company). With a photoelectric colorimeter any of the 
red glass filters usually furnished with the instrument, and having maxi- 
mum transmission between 620 to 6C0 nip may be used. 

3. Calculations.— (o) For the Visual Colorimeter: 

Reading of Standard 

(1) Ktm cholesterol fa at. per 100 ce. scram - ot Uotafai * 66 7 

Reading of Standard 

(a Totel cholesterol fa at- Per 100 cc. Seram - jjjiito,, * 200 

(3) Total cholesterol — Free Cholesterol esters. 

(6) For the Photoelectric Colorimeter: 

Density of Unknown 

(1) Freo cholesterol w mg. per 100 cc. eemm - D^iy ofSUndwd X 06 ‘ 

Density of Unknown 

(2) Total cholesterol in mg. per 100 cc. serum - Dctlslty of Standard * *°° 

(3) Total cholesterol — Free — Cholesterol esters. 

If the scale of the photoelectric colorimeter is calibrated to read per cent 
transmission, the density value is obtained by subtracting the logarithm 
of the transmission reading from 2. 

XII. Icterus Index (llernhcim). 

1. Reagents. — (o) Potassium jDichromatc, 1 to 10,000 Solution. — Dis- 
solve 0.1 gin. of potassium dichrotnutc in about 500 cc. of distilled water 
in a liter volumetric flask. Add 2 drops of concentrated sulfuric acid and 
dilute to the mark with distilled water. Presen e in a dark-glass bottle. 

( b ) Sodium Chloride Solution , 0.S5 or 0.9 per cent. 

2. Procedure.— The standard 1 to 10,000 solution of potassium dichromate 
is placed in one colorimeter cup which is set at 13 mm. The clear serum 
is placet! in the other colorimeter cup and matched against the staudard. 
If the color of the serum is too deep it is accurately diluted with 0.9 per 
cent sodium chloride solution, the dilution being 1 to 2 or 1 to 3 or greater, 
if required. The case of colorimetric matching may be iuiproscd by using 
a deep-blue glass, or Wratten gelatin filter in the ejcpieee of the color- 
imeter. 

3. Calculation,— The reading of the standard, 15 mm., multiplied by 
the dilutiou of the serum, if an}, and disided by the reading of the scrum 
gises the icterus index. 
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Note.— C arrots in the diet impart a yellow color to the blood serum 
which gives a high index. No carrots should be eaten the day preceding 
the test and the blood should be drawn before breakfast to avoid chyle. 
Since this test is simply a measurement of the color of the serum, it is 
evident that even the slightest trace of hemolysis will vitiate the test and 
it is of utmost importance that hemolysis be avoided. The needle and 
syringe used should be entirely dry. The blood is allowed to clot for at 
least one hour in a dry centrifuge tube, protected from the light, and then 
centrifugalized so as to obtain a clear serum. 

XIII. Quantitative Determination of Bilirubin (Evelyn and Malloy). 

Since the yellow color of the serum is due to the bilirubin, a measure- 
ment of the icterus index will give a rough estimate of the amount of 
bilirubin present. However certain inaccuracies result due to the presence 
of other yellow pigments and the more specific reaction of van den Bergh 
is preferable. No satisfactory method for the quantitative determination 
of bilirubin by the van den Bergh reaction utilizing a visual colorimeter 
has been found. The method of Evelyn and Malloy is accurate and 
convenient, and where a photoelectric colorimeter is available this is the 
method of choice. It cannot be used with a visual colorimeter, because of 
the presence of turbidity. With the photoelectric instrument the effect of 
this turbidity can be eliminated by the use of a blank. The method 
described herewith is to be used only with a photoelectric colorimeter. 
The quantitative van den Bergh reaction is described on page 69. 

1. Reagents.— (a) Sulfanilic Acid Solution .— Dissolve 1 gra. of sulfanilic 
acid in 15 cc. of concentrated hydrochloric acid and dilute to 1 liter with 
distilled water. 

(f>) Sodium Nitrite, 0.5 per cent solution.— Preserve in a dark-glass 
bottle in the refrigerator. 

(c) Diazo Reagent .— Add 0.3 cc. of the sodium nitrite solution to 10 cc. 
of the sulfanilic acid solution. Prepare freshly as required. 

(d) Diazo Blank .— Dilute 15 cc. of concentrated hydrochloric acid to 
1 liter with distilled water. 

(e) Methyl Alcohol, absolute. 

2. Procedure.— All solutions must be added in the exact order as given. 
Dilute 1 cc. of serum or plasma to 10 cc. with distilled water. To the 
sample tube add 5 cc. of methyl alcohol, 1 cc. of diazo reagent and 4 cc. of 
diluted serum. To the blank tube add 5 cc. of methyl alcohol, 1 cc. of 
diazo blank, 4 cc. of diluted serum. 

Each tube is mixed gently by inversion after addition of the serum. 
Care must be taken to handle both tubes in exactly the same manner so 
that any turbidity which may result will be the same in each. If bubbles 


Use a color filter transmitting wave band 540 mp. Insert the sample tube 
and record the reading of the galvanometer. If the galvanometer reading 
is below 10, add 10 cc. of 50 per cent methyl alcohol to each tube and read 
again. Multiply the answer so obtained by 2. 

3. Calculation. 2 ~ I°S g al vanometer read ing x m mg Mirubin 

per 100 cc. of serum or plasma. K is a constant obtained with pure solu- 
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tions of bilirubin and for the Evelyn instrument this value is G.72. When 
die Evelyn colorimeter is used this value may be substituted in die above 
equation, but if a different colorimeter is used diis value must be deter- 
mined in die following manner: 

Dissolve 10 mg. of pure bilirubin, accurately weighed, in 100 cc. of 
chloroform. A portion of this solution is diluted to a final concentration 
of 0.01 mg. per cc. with ethyl alcohol. In a series of colorimeter tubes 
each containing I cc. of diazo reagent, place 1, 2, 4, and 8 cc. of the bilirubin 
solution in ethyl alcohol. Add to each tube sufficient ethyl alcohol to 
make die final volume 10 cc. Prepare a blank tube with I cc. of the diazo 
blank plus 9 cc. of ethyl alcohol. The above amounts arc equi\ alcnt to 


the 2 — log values are obtained. Each of these values are divided by 
their respective concentrations of bilirubin in terms of mg. per 100 cc. 
The average of these values represents K for the particular instrument 
used. 

XIV. Determination of Inorganic Phosphorus (Fiske and Subbarow). 

1. Reagents.— (a) Sulfuric Add, 10 X.— Four hundred and fifty cc. of 
concentrated sulfuric acid added to 1300 cc. of water. 

(b) Mohjldic Add Solution.— D issolvc 23 gin. of ammonium molybdate 
in 200 cc. of water. Ilinse into a liter volumetric flask containing 300 cc. 
of 10 X sulfuric ucid. Dilute to die mark with water and mix. 

(c) Trichloracetic Acid, 10 i>cr cent solution. 

(</) Standard Phosphate Solution.— \ stock standard is prepared by 
dissolving 0.3309 gin. of pure uiotiopotassiuin pho-plutc (Klld’O,) in 
1 liter of distilled water. Add 10 cc. of chloroform as a preservative and 
keep in the refrigerator. To prepare die working standard transfer It) cc. 
of the stock standard to a 100-cc. volumetric llask, add 80 cc. of trichlor- 
acetic acid and dilute to die mark widi distilled water. Five cc equal 
0.01 mg. of phosphorus. 

(<•) .\mino~nnphlhotsulfunie Acid Ilcagent. — Dissolve 30 gm. of sodium 
bisulfite (XallSOj) and 1 gm. of crystalline sodium sulfite (X,i-SO/7HiO) 
or 0.3 gm. of anhydrous sodium sulfite, in 200 cc. of di'tillcd wat< r Add 
0.5 gm. of purified 1 , 2, l-uuiino-n.iphthoI-MiIfouic acid and stir thoroughly. 
I’rv.wrve in a dark-glass Isolde. This reagent should Ik* pnqurvd frv'lily 
once a month. The sediment that forms will settle to the Ujitom and wed 
not l>e filtrml out if care is taken not to stir it up. 

2. Procedure.— lather scrum or plasma is vwd in the determination, 
and thirc should !>c no hemolysis present. TruudVr J» cc. *>f trichh.racrtie 
acid to a small Erknmeyer llo-sk. While the tU'k is Uiug gently* rotated, 
nin in 2 cc. of the scrum or plasma from an accurate pq»c t. < ’h»*c the mouth 
of the lU'k with a mblscr stopper ami shake vigorou-Jy a few time* 
rdter through an oddest filter »ueh os UhatUuh Xo. 12. 

Trandifj cc. of the filtrate to a tube graduated at 10 ee. Into a -.indif 
tul*c mramre 5 <c. of the %ur»!onl jiho'phate »doiiu;i. To U.th t’J*-» -d 1 
1 cc. ».f die tm.lyUlic a* hi nagmt a;«l 0 I w. *•( the * aid rr Agent 

Dilate to t!.e m*rh with distilled »mr. n.iv dh fo ighly. all.* to staid 
ten minutes aid ci-uqurr in (hr tw 4 n:..tur. 
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3. Calculation.— The reading of the standard, usually 20 mm., multiplied 
by 4 and divided by the reading of the unknown equals mg. of inorganic 
phosphorus per 100 cc. of serum or plasma. 

XV. Determination of Serum Alkaline and Acid Phosphatase (Shino- 
wara, Jones, and Reinhart). 


(6) Acetic Acid, 1 X, standardized. 

. (c) s ■ • . \ 1 ; 

into a . ■ . - ■ 

water. ■ ' : v ■ ' : . 

diethyl ■ 

lajer to the 100-cc. mark. Mix. Keep in the refrigerator. 

(d) Alkaline Phosphatase Substrate.— In a 100-cc. glass-stoppered mixing 
cylinder mix 3 cc. of petroleum ether, 50 cc. of the stock buirercd glycero- 
phosphate, and 2.8 cc. of 0.1 X sodium hydroxide. Dilute the aqueous 
layer to the 100-cc. mark and mix. Keep in the refrigerator. The pll of 
this solution should be 10.0 within 0.1. 

(e) Acid Phosphatase Substrate.— To a 100-cc. glass-stoppered mixing 
cjlindcr add 3 cc. of petroleum ether, 50 cc. of stock buffered glycero- 
phosphate, and 5 cc. of 1 X acetic acid. Dilute the aqueous lajer to the 
100-cc. mark and mix. Keep in the refrigerator. The pH of this solution 
should be approximately 5. 

(/) Trichloracetic Acul, 30 per cent solution. 

2. Procedure.— (a) Alkaline Phosphatase.— Measure exactly 9 cc. of the 
alkaline phosphatase substrate into a test tube. Warm to 3S° C., add 1 cc. 
of serum and place in a water bath at 38° C. for exactly one hour. Then 
add immediately 2 cc. of 30 per cent trichloracetic acid. Mix and filter 
through Whatman Xo. 42 filter pjper. Label this the test sample. 

A control sample is prepared at or near the end of the sixty minute 
incubation period by adding 2 cc. of 30 per cent trichloracetic acid to 9 cc. 
of the alkaline phosphatase substrate, followed by 1 cc. of the serum. 
Filter through Whatman Xo. 42 filter paper. 

Measure 8 cc. of each of the filtrates into 10-cc. graduated cylinders and 
proceed from this point according to the method of Fiske and Subbarow 
for inorganic phosphorus, page 215. 

(6) Acid Phosphatase.— Follow the method exactly as under alkaline 
phosphatase except that the acid phosphatase substrate is substituted 
for the alkaline. 

3. Calculation. — For either method: Reading of the standard multiplied 
by 6 and divided by the reading of the unknown equals mg. inorganic 
phosphorus per 100 cc. of serum. In the case of alkaline phosphatase, the 
amount of inorganic phosphorus per 100 cc. in the control sample sub- 
stractcd from the amount in the test sample equals phosphatase activity 
in modified Bodansky units. For acid phosphatase the difference in phos- 
phorus content between test sample and control sample equals phosphatase 
activity in Shinowara-Jones-Reinbart units. 

Note. — In the abo\ e method the normal values for alkaline phosphatase 
activity are somewhat higher than those gi\ en for the Bodansky method. 
This higher value is due to the higher pH value at which phosphatase 



CHEMICAL EXAMINATIONS 217 

activity is determined. Normal values by this method have been found 
to range from 2 to 9 units, but are higher in children. 

Normals for acid phosphatase activity by the above method have been 
found to range from 0 to 1.1 units, 

XVI. Determination of Calcium (Roe and Ivahn). 

1. Re agents. —In addition to the solutions required for phosphorus deter- 
minations, the following arc required: 

(o) Standard Calcium Solution . — Prepare a stock solution by dissolving 
(1-4991 gm. of pure calcium carbonate in about 50 cc. of 10 per cent tri- 
chloracetic acid in a 1000-cc. volumetric flask. Iceland spar is preferred, 
if available. Shake well, and when evolution of CO* has ceased, dilute to 
the mark with 10 per cent trichloracetic acid. To prepare the working 
standard transfer 10 cc. of the stock solution to a 100-cc. volumetric flask, 
add 70 cc. of 10 per cent trichloracetic acid and dilute to the mark with 
distilled water. Five cc. equal 0.1 mg. of calcium. 

(6) Alkaline Alcohol Wash Ika gent. '-In a 100-cc. cylinder place 58 cc. 
of 95 per cent ethyl alcohol, add 10 cc. of amyl alcohol and make up to 
1(10 cc. with distilled water. Add 2 drops of 1 per cent phcnolphthalem 
and 5 per cent sodium hydroxide, a drop at a time, with repeated shaking 
until a distinct pink is obtained. 

(c) Sodium Hydroxide, 25 per cent solution. 

(d) Trisodium Phosphate, NajVOi, 5 per cent solution. 

2. Procedure.— Two cc. of serum are precipitated with 8 cc. of 10 per 
cent trichloracetic acid in the same manner as in the phosphorus deter- 
mination. 

Where phosphorus and calcium arc to be determined on the same speci- 
men, sufficient filtrate for both determinations may be obtained by pre- 
cipitating 3 cc. of scrum with 12 cc. of the trichloracetic acid. 

To a graduated centrifuge tube, transfer 5 cc. of the filtrate and to 
another similar tube transfer 5 cc. of the standard calcium solution. The 
tips of the centrifuge tubes used must be sufficiently narrow so that the 
diameter at the 0.1 cc. mark will not exceed 7 mm. but must not be too 
finely drawn out. They must be absolutely clean and when not in use 
should be kept immersed in the dichroinate-sulfuric acid cleaning solution. 
No reliance should be placed on the graduation marks, as they ha\ c been 
found to be inaccurate in many tubes and the 10-cc. mark should be 
checked. If found inaccurate, a new mark should be made. To both tubes 
add I cc. of 25 per cent NaOIl, mix by twirling and allow to stand for five 
minutes. Then add 1 cc. of the trisodium phosphate solution and allow 
to stand for one hour to complete precipitation of the calcium phosphate. 

Ccntrifugalizc for two minutes. Decant the sujwmatant fluid with one 
smooth mo\cment that will not disturb the precipitate. With the mouth 
still im cited, the tube is placed ujK>n a clean filter paper ami allowed U* 

* ' ■ ' which 

of tin* 

Add 

from a pipet about 2 cc. of alkaline alcohol wash reagent in such a watimr 
as to break up the mat of C.i,(f’O t ), iu the bottom of the tube. This is 
done by using a bulb pii>ct with a fine tip and blowing forcefully, directing 
the stream upon the calcium phosphate precipitate. If the mat is not 
broken up completely by this procedure, it must l>e fragmented thorough! > 
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with a clean glass stirring rod. The walb of the tube are now washed down 
with an additional 2 cc. of the alkaline alcohol wash reagent. The tubes 
are centrifugalized again for two minutes, then decanted and drained as 
abo\e. 

Redissolve the precipitate in both standard and unknown in 4 cc. of 
10 per cent trichloracetic acid, add to each tube 1 cc. of the molybdic acid 
reagent and 0.4 cc. of the sulfonic acid reagent, the same as are used in the 
phosphorus determination. Dilute to the 10-cc. mark with distilled water, 
mix, allow to stand ten minutes, then compare in the colorimeter. 

3. Calculation.— The reading of the standard multiplied by 10 and 
divided by the reading of the unknown equals the mg. of calcium per 
100 cc. of blood. 

Caution . — This reaction is a reaction for phosphorus based upon the 
amount of phosphorus contained in the calcium phosphate precipitate.' 
It has been found impossible to obtain reagents which are absolutely 
calcium-free or free of other substances which would also give color. 
Therefore, a standard calcium solution is prepared and treated in the 
same manner throughout as the blood filtrate. Consequently, any error 
produced in the blood calcium determination as a result of color-producing 
substances in the reagents used will be exactly halanced by a similar error 
in the standard used, provided the standard is treated in the same manner 
as the unknown and with the same reagents. Most filter paper contains 
traces of calcium. It b, therefore, necessary to use calcium-free filter paper 
in filtering the proteins from the blood. A double acid-washed paper, such 
as Whatman No. 42, has been found to meet these requirements. As a 
result of the action of the 25 per cent XaOH and 5 per cent trisodium 
phosphate on the glass bottles, a precipitate of silicates will form which 
will give a color. If kept in tall bottles, the precipitate will settle to the 
bottom, and the clear supernatant fluid can then be removed with a pipet; 
otherwise, it b necessary to filter both solutions just before use. 

In previous methods calcium was determined by precipitation of the 
oxalate from the diluted blood serum without prior removal of the blood 
serum proteins. It has been found that when serum b so precipitated, 
about 5 to 15 per cent of the calcium faib to be precipitated, consequently 
when the precipitation b carried out on the protein-free trichloracetic 
filtrate, the results will average about 10 per cent higher than those usually 
published as normal based upon the usual precipitation from the blood 
serum in the presence of the proteins. The method herein described gives 
results similar to those obtained writh the oxalate precipitation on the 
protein-free trichloracetic filtrate. The normals are consequently higher 
than usually publbhed, being 10 to 12 mg. per 100 cc. of blood instead of 
9 to 11 mg. 

XVII. Hemoglobin by the Determination of Iron (Wong). 

1. Reagents.— All reagents except the standard must be iron-free as 
shown by the blank tests. 

(а) Sulfuric Acid, concentrated. 

(б) Sodium Tungstate, 10 per cent solution. 

(e) Potassium Persulfate, saturated solution. Introduce about 7 gm. 
of pure potassium persulfate into a small glass-stoppered bottle and shake 
with 100 cc. of distilled water. The undbaohed crystals settle and later 
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dissolve in part to replace persulfate lost by decomposition at room tem- 
perature. 

(<0 Potassium T k iocyanale . — Prepare an approximately 3 X solution 
by dissolving 146 gin. of pure potassium thiocyanate in distilled water and 
making up to a volume of 300 cc. Filter if necessary. Add 20 cc. of pure 
acetone as a preservative. 

(e) Standard Iron Solution .— -Weigh out exactly 0.S01 gm. of crystallized 
ferric ammonium sulfate and dissohe it in 30 cc. of distilled water. Add 
20 cc. of 10 per cent iron-free sulfuric acid. Dilute to 1 liter. Each ce. will 
contain 0.1 mg. of iron for use as a regular standard. To make weaker 
standards, dilute this solution accordingly. 

2. Procedure. —Transfer exactly 0.3 cc. of blood to a 30-cc. volumetric 
flask and add 2 cc. of iron-free concentrated sulfuric acid. Whirl the flask 
for a few minutes. Add 2 cc. of potassium ]>ersulfatc solution and mix. 
Dilute to about 23 ce. with distilled water, add 2 cc. of the sodium tungstate 
solution. Mix. Cool to room temperature under the tap, and dilute to 
30 cc. with distilled water. Stopper the flask and invert several times to 
insure thorough mixing. Filter through a dry filter paper. Pipet exactly 
20 ce. of filtrate into a test tube graduated at 20 and 25 cc. 

Measure exactly 1 ce. of the standard iron solution, containing 0.1 mg. 
of iron, into another similar tube, add 0.8 cc. of iron-free concentrated 
sulfuric acid, and dilute to the 20-cc. mark. Cool to room tcini>crature 
under the tap. 

Now add to both the unknown and the standard 1 cc. of saturated 
potassium jiersulfate and l cc. of the 3 X potassium thiocyanate solution. 
Mix, and compare in the colorimeter. 

3. Calculation.— Since the 20 cc. of filtrate taken represents 0.2 cc. of 
whole blood and the standard solution contains 0.1 mg. of iron, the nMiuti; 
of the standard, Usually 20 nun., multiplied by 30 and divided by the 
reading of the unknown, gives the mg. of iron per I(M) cc. of Wood. 

This figure divided by 3.33 ispiala the liemoglohiii express] a> gm. 
jkt UK) tv. of blood. 

X«TK. — ff it is imixjvdbfe to secure reagents, c'j>vtfaMy sodium tungstate, 
which are absolutely inm-fnv, the standard may be run in exactly the 
same manner as the test. For this purpn'C, take 2 A cc. of the standard 
iron solution, add 2 cc, of the sulfuric acid. 2 tv. of the jjotavdum prrsulfalr, 
dilute to aliout 23 ce., and add 2 cc. of the sodium tungstate solution 
tool and dilute to 50 tv. Of this final solution, uv 20 cc. as the standard, 
since it contains exactly 0.1 mg. of iron, and add to it and the unknown 
1 tv. of saturated puUvium jvrsulfate awl I cc. of the 3 X Kt'.N'.S solution. 

In this manner, due allowance is made for all iron contained in the 
reagents, without the necessity of running blank determinations. 

It is particularly imjxirtant t»» u-xr ash-free filter juj*r. such as Whatm-m 
Xo U or 10. a.> ordinary' filter |«|>er may contain appreciable ijuantitin 
of iron 

XVIII Dctenal&idoa of Sulfomaldcr (llratrou and Manhalb 

A. In Blood.- 1. JU*ttstt.-(»i) Tr.rkLr. v<i.r ,lr*d. 15 jsr tent *sj- 

lieu 

llf S*hu't Silr.U, t).J jierirnt solution, prepared each day. 

ir) .h>’,^in .sul/j--, i!t. II 3 j* r tent s* Iatu>u. 
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(d) X-{l-naphthyt)cthylcncdiamine Dihydrochloride, 0.1 per cent solu- 
tion.— Stored in a dark bottle in the refrigerator this solution will keep 
for one week. 

(c) Hydrochloric Acid, 4 X solution. 

(/) Standard Sulfonamide Solutions, — A stock standard solution con- 
. . ' • ■ ■ v . • ■ lis- 

■■ . .. 'Oil 

. . : . . : . "■ cc. 

Use the dry powdered drug (U.S.P. or C.P.) not die tablets which contain 
some inert matter. These stock standards are stable for several months if 
kept under refrigeration. From the stock standard solutions three working 
standards are prepared. To 10 cc., 5 cc., and 2 cc., of the stock standard 
contained in 100-ic. \oJuruetric flasks add 18 cc. of the 15 per cent tri- 
chloracetic acid solution aud then make up to volume with distilled water. 
These standards contain 1, 0.5 and 0.2 mg. of the drug per 100 cc. of solu- 
tion. 

2. Procedure.— (a) Free Drug.— Dilute 2 cc. of oxalated blood in a flask 
with 30 cc. of distilled water. After five minutes add 8 cc. of 15 per cent 
trichloracetic acid, shaking well. Filter out tlio precipitate. To 10 cc. of 
the filtrate and 10 cc. portions of each of the three working standard 
solutions add 1 cc. of sodium nitrite solution. After three minutes, add 
1 cc. of ammonium sulfamate solution to each, shaking well to expel 
bubbles. After two more minutes, add 1 cc. of X-(l-naphthyl)ethylene- 
diarnine dihydrochloridc solution. Allow to stand in the dark ten minutes 
and then read in the colorimeter against the standard which most nearly 
approximates the unknown in color. 

(fe) Total Drug.— Treat 10 cc. of the filtrate prepared as above with 
0-5 cc. of 4 N hydrochloric acid in a boiling water bath for one hour. 
Treat 10 cc. of each working standard in the same manner. Cool and 
adjust volume to 10 cc. Subsequent procedure is the same as for the free 
drug. 

3. Calculation.— The reading of the standard times the factor correspond- 
ing to the standard used, divided by the reading of the unknown equals 
mg. of sulfonamide drug per 100 cc. of blood. The factor for the 1 mg. 
per 100 cc. standard is 20, for the 0.5 mg. standard is 10, and for the 0.2 rag. 
standard is 4. 

To correct for the drug lost in precipitation of proteins with trichloracetic 
acid, multiply the results obtained above by the following corrections. 

Free Drug Total UruQ 
Sulfanilamide . . No corrections necessary 

Sulfa guanidine . . No corrections necessary 

Sulfapyridine 

(Less than 5 mg /100 cc) . . No corrections necessary 

Sulfapyridine 

(More than 5 mg./lOO cc ) ... 11 11 

Sulfattuazola - 11 

For the conjugated sulfathiazole subtract the uncorrected free from the 
uncorrected total and multiply the difference by 1.3. 

B. In Urine.— 1. Reagents.— The same as those used for blood. 

2. Procedure.— Dilute albumin-free urine so that it will contain about 
1 to 2 mg. of sulfonamide per 100 cc. To 50 cc. of this diluted urine in a 
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100-cc. volumetric flask add 5 cc. of 4 N hydrochloric acid and dilute to 
the mark. 

Treat 10 cc. of this second dilution for free sulfonamides in exactly the 
same manner as blood filtrate is treated above. Heat a second 10-cc. 
portion, without adding further acid, as for total sulfonamide. 

If the urine contains albumin, dilute it and then follow the procedure 
as given for whole blood above. 

3. Calculations.— Calculate as for blood, making due allowance for the 
urine dilution factor. 

XIX. Blood Proteins (Unpublished method, Army Medical School). 

A. Determination of Serum Proteins.— Ordinarily it is the serum pro- 
teins which are determined, that is, albumin and globulin. The method 
below determines total protein and albumin directly, the globulin being 
found by difference. When it becomes necessary to determine fibrinogen, 
oxalated plasma must be used. The fibrinogen is precipitated as fibrin 
and separated from the plasma solution. It is then determined directly as 
given under fibrinogen, page 222. 

1. Reagents. — (a) Standard Nitrogen Solution. — Prepared as for non- 
protein nitrogen determination, page 201. One cc. contains 0.1 mg. of 
nitrogen. 

(6) Ncsslcr's Solution.— Prepared as for non-protein nitrogen deter- 
mination, page 201. 

(c) Sulfuric Acid-Sclcnium Digestion Mixture.— Add 0.2 gm. of metallic 
selenium to 100 cc. of concentrated sulfuric acid in a beaker. Heat gently 
until the selenium dissolves. Do not overheat or selenium may he xolatil- 
lzcd. 

(d) Sodium Sulfate, 22.5 per cent.— Place exactly 22.5 gm. of anhydrous 
sodium sulfate in a 100-cc. volumetric flask. Add distilled water to the 
bottom of the neck of the flask. Heat in a beaker of hot water and swirl 
until all the salt has dissolved. Place in a 37° to 38° C. incubator After 
the temperature of the solution has reached the temperature of the incu- 
bator, dilute to the 100-cc. mark. Since this solution is supersaturated at 
room temperature, it must be kept in the incubator to prevent crystalliza- 
tion of the salt. 

(c) Sodium Tartrate, 2 per ceut solution. 

( f ) Sodium Chloride, 0.9 per cent solution. 

(y) Trichloracetic Acid, 5 per cent solution. 

2. Procedure. — (a) Total Scrum Proteins. — Dilute 1 cc. of scrum to 50 cc. 
with 0.9 per cent NTaCI. Transfer 1 cc. of the diluted serum to a pyre.x 
digestion tube, 25 x 200 mm., graduated at 3S and 50 cc. Add 0.5 ce. of 
sulfuric acid-selenium digestion mixture and 0.5 cc. of the sodium sulfate 

of a microbnmcr 
the tube is filled 
th a small watch 

glass or conical funnel and reduce the heat until the acid is barely boiling. 
Continue heating until the mixture becomes clear and colorless after 
about five to ten minutes I^t the mixture cool for sixeral minutes, thin 
add alxiut 30 cc. of distilled water and 1 cc. of 2 per cent "odium tartrate. 
Coot to room temjKmturc by immersion in a bcaktrof water, then dilute 
to the 38-ce. mark and add Ncsslcr's solution to the 50-cc. mark. Mix 
im mediately, and compare colon metrically with a standard nitrogen solu- 
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tion. Note that only 12 cc. of Nessler's solution are used. It has been 
found that the stability of color is greater when this amount is used. 

Prepare the standard as follows: Place 2 cc. of standard nitrogen solu- 
tion in a similar digestion tube, add 0.5 cc. of sodium sulfate solution and 
digest with 0.5 cc. of the digestion mixture in the same manner as for the 
protein. Cool, dilute, and nesslerize similarly. 

In all comparisons of total nitrogen, albumin, and NPN, use a filter 
transmitting 490 mji with the photoelectric colorimeter and Wratten No. 75 
with the visual instrument. 

(b) Albumin.—' To 0.5 cc. of serum, add 9.5 cc. of 22.5 per cent sodium 
sulfate. Incubate at 37° to 38° C., for at least three hours, or preferably 
overnight. Place the funnel, collecting flask, watch glass, and filter paper 
in the incubator at the same time to allow them to come to incubator 
temperature. Filter the serum through a Whatman No. 50 filter paper, 
returning the first portions of the filtrate (if not clear) to the filter. Keep 
the funnel covered with a watch glass to prevent evaporation. Pipet 
0.5 cc. of the filtrate into a digestion tube and treat in the same manner 
as for total nitrogen, except that no more sodium sulfate is added. 

(c) Non-protein Nitrogen. —Dilute 1 cc. of serum to 10 cc. with 5 per 
cent trichloracetic acid. Filter. Transfer 5 cc. of filtrate to a digestion 
tube. Digest, nesslerize, and compare in the colorimeter with the standard 
in the same manner as for total nitrogen. 

3. Calculations.— ( q) Total Nitrogen (Protein and Non-protein). 


Reading of Standard 

tte.dm T .lKtoore Np " 1°0 cc. of ..turn 

Total Protein = (Total Nitrogen -NPN) X 6 25 


(6) Albumin Nitrogen plus Non-prolein Nitrogen. 

Reading of Standard 

Readin g af Unkn own * °* ~ «“• * lbumin N *** 100 «• 

Albumin - [(Albumin N + NPN) - NPN] X 6 25 


(C) 


Non-protein Nitrogen. 


Reading of Standard 
Reading of Unknown 


X OW - gm. NPN per 100 


cc. serum 


(d) Globulin- 

Globulin = Total Protein — Albumin. 

The non-protein nitrogen normally constitutes but a small percentage 
of total nitrogen. When kidney function is normal, it is permissible to 
assume an average value of 0.03 gm. for non-protein nitrogen and to sub- 
tract this value from the total nitrogen value before obtaining the value 
for protein, and from the albumin nitrogen plus NPN similarly. 

B. Determination of Fibrinogen.— 1. Reagents.— In addition to the 
ation of the other blood proteins, the 


Add 5.36 cc. of concentrated sulfuric 
100 cc. 

(6) Sodium Hydroxide Solution, 1 per cent. 

(c) Calcium Chloride Solution, 2.5 percent, prepared from the anhydrous 
salt. 
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2. Procedure.— Collect about 5 cc. of blood in a fiask or test tube con- 
taining 1.5 to 2 uig. of potassium or lithium oxalate per cc. of blood. 
Separate the plasma by centrifugalizing. P/pet 1 cc. of the plasma into 
a 50-cc. beaker containing 25 cc. of 0.9 per cent NaCl solution plus 1 cc. 
of 2.5 per cent CaCIj solution. 

Swirl gently and let stand at least thirty minutes until a solid clot has 
formed. Insert a glass rod into the beaker and twirl gently, loosening the 
clot and winding it on to the glass rod. llotate the glass rod bearing the 
clot between filter papers to dry. Place the rod and clot in a centrifuge 
tube, add 4 cc. of 1 per cent sodium hydroxide, and place in a boiling 
water bath for several minutes until the fibrin lump conies off the rod. 
Add 10 cc. of water, using part of it to wash the rod, which is removed 
from the centrifuge tube. Ccntrifugalize for five minutes at about 2000 to 
3000 r.p.m., then transfer the supernatant liquid to a 25-cc. volumetric 
fiask. To the precipitate in the centrifuge tube, add 5 cc. of water and 
mix with the precipitate by tapping the tube, then ccntrifugalize again. 
Decant the supernatant into the fiask containing the first supernatant. 
Add 1 cc. of 5 per cent sulfuric acid and dilute to the 25-cc. mark with 
distilled water. 

Transfer a 5 cc. aliquot of the solution to a pyrex digestion tube. Digest, 
ncsslerize, and compare in a colorimeter in the same manner as for total 
protein. Filters should be used as given under Total Protein, page 222. 

3. Calculation. Jj- X 0.G25 equals grains of fibrinogen per 100 cc. of 
plasma. 

XX. Specific Gravity of Whole Blood and Plasma ; Calculation of Plasma 
Proteins, Hemoglobin and Hematocrit (Copper Sulfate Method of Phillips, 
Van Slyke et al.*) 

A method has been devised, using copper sulfate solutions of known, 
accurate specific gravity, by means of which the specific gravities of whole 
blood and plasma may be determined and from these gravities, by the 
use of line charts, the plasma proteins, hemoglobin and hematocrit cal- 
culated. 

Small drops of whole blood or plasma are allowed to fall into a graded 
series of copper sulfate solutions of known specific gravities. Upon contact 
with the solution, each drop becomes encased in copper proteinate and 
remains as a discrete drop without change in specific gravity for fifteen 
to twenty seconds. Drop size need not be constant and no temperature 
corrections are necessary. 

1. Reagents.— (a) Heparin, or 

(6) Oxalate Mixture (Heller and Paul).— Dissolve 3 gm. ammonium 
oxalate and 2 gm. potassium oxalate in 250 cc. of water. Pipet into pyrex 
test tubes, 125 x 16 mm., 0.25 cc. of the oxalate solution. Spread in a film 
over the lower walls and dry in an incubator at not over 50° C. 

(c) Copper Sulfate, crystalline (CuSO*oHjO). This should be pulverized 
or fine enough to pass through a No. 20 mesh. 

(d) Copper Sulfate Solution .— A saturated solution used to prepare the 
stock solution of gravity 1.100 =>* 0.0003. 

Place 4 pounds of finely pulverized copper sulfate in a 4-liter bottle 

* U. S. Navy Research Unit, Hospital of the Rockefeller Institute for Medical Research, 
New York City. 
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and add 2500 cc. of water. Shake vigorously for a total of five minutes 
which need not be continuous. Take the temperature of the supernatant 
solution to the nearest half degree C. immediately at the end of the shaking 
period, i. e., at the moment saturation is completed . Decant the super- 
natant immediately filtering through dry paper into a clean, dry 4-liter 
bottle. Undissolved crystals may be used again. 


Table 21.— Saturated Copfeb Sulfate Solution to be Diluted to 1 liter to 
Make the Stock Solution or Sfecifio Gravitt 1-100 
(Temperature m °C. or °F. refers to the temperature of the saturated solution 


Temperature 


•C. *F. Cc 

10 0 50.0 578 

10 5 50 0 673 

11 0 51 8 568 

11 5 52 7 563 

12 0 53 6 558 

12 5 54 5 553 

13 0 55 4 548 

13 5 56 3 543 

14 0 57 2 539 

14 5 58 1 534 

15 0 59 0 529 

15 5 59 9 525 

16 0 60 8 521 

10 5 61 7 516 

17 0 62 6 512 

17 5 63 5 50S 

18 0 64 4 504 

18 5 65 3 500 

19 0 60 2 496 

19 5 67 1 492 

20 0 68 0 488 


at the time of saturation) 
Temperature 


"C. *F. Cc. 

20 0 CS 0 488 

20 5 68 9 484 

21 0 69 8 480 

21 6 70 7 477 

22 0 71 0 473 

22 5 72 5 4C9 

23 0 73 4 4GQ 

23 5 74 3 4G3 

24 0 75 2 4 GO 

24 5 76 1 450 

25 0 77 0 453 

25 6 77 0 450 

26 0 78 8 447 

26 5 79 7 445 

27 0 SO 6 442 

27 5 81 5 439 

28 0 82 4 436 

28 5 83 3 434 

29 0 84 2 431 

29 5 85 1 428 

30 0 86 0 425 


Temperature 


*C. *F. Cc. 

30 0 SO 0 425 

30 5 80 0 423 

31.0 87.8 420 

31 5 88.7 417 

32 0 89.6 414 

32 5 90 5 412 

33 0 91 4 409 

33 5 92 3 406 

34 0 93.2 403 

34 5 94 1 401 

35 0 95 0 398 

35 5 95 9 395 

36 0 90 8 392 

36 5 97 7 390 

37 0 9S C 387 

37 5 99 5 384 

38 0 100 4 381 

33 5 101 3 379 

39 0 102 2 376 

39 5 103 1 373 

4 0 0 104 0 370 


(e) Copper Sulfate Solution, Gravity 1.100.— Use the saturated solution 
at once to prepare the stock solution, sp. gr. 1.100. Measure the volume of 
saturated solution indicated in Table 21, in a 500-cc. cylinder and pour 
it into a liter volumetric flask. Drain the cylinder for thirty seconds. Fill 
the flask to the mark with distilled water and mix. A contraction results 
! ' nding for 

. ck to the 

. Use the 

: . , „ .. r ith water 

each time and discarding the rinsings. 

The stock solution and the standards described below should all be 
prepared at a temperature within 5° C. of that at which the saturated 
solution was made. 

Once prepared, the standards may be used at any temperature within 
± 15° C. of that at which prepared. 

(J) Standard Solutions, in 100-cc. portions.— Using a buret filled with 
stock solution, sp. gr 1.100, run into a 100-cc. volumetric flask the amount 
indicated in Table 22. Dilute to the mark, mix and transfer to a 4-ounce 
“oval prescription bottle.” Stopper at once. Rinse the flask, discarding 
the rinsings and prepare the next standard. 

Continue until the entire set from sp. gr. 1.008 to 1.075 is prepared. 
This set covers the extreme ranges for blood plasma, ascitic fluid and 
transudates. Each standard is correct to within 0.0001. 
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Table 22. — Cc- or Stock Copper Sulfate Solution of Gravity 1.1000 to be Diluted to 



100 Cc , 60 Cc on 

25 Cc. to Prepare Standard Solutions or 




Gravity, G, to Within *0 0001 




G 

100 

50 

25 

a 

100 

60 

25 

008 

7 33 

3 67 

1 84 

41 

. 40 00 

20 00 

10 00 

0 

8.32 

4 16 

2 03 

42 

41 00 

20 50 

10 25 

10 

9 31 

4 C6 

2 33 

43 

42 00 

21 00 

10 60 





44 

43 00 

21 50 

10 76 

11 

. 10 30 

5 15 

2 53 

45 

44 00 

22 00 

11 00 

12 

11 29 

5 65 

2 S3 





13 

12 28 

6 14 

3 07 

46 

45.00 

22 60 

11 25 

14 

. 13 27 

6 64 

3 32 

47 

46 00 

23 00 

11 50 

15 

14 2G 

7 13 

3 57 

48 

47 00 

23 50 

11 75 


49 

43 00 

24 00 

12 00 

10 

15 25 

7 63 

3 82 

50 

49 00 

24 50 

12 25 

17 

13 

19 

20 

10 24 

17 23 
. 18 22 

19 21 

8 12 

8 C2 

9 11 
9 61 

4 06 

4 31 

4 66 

4 81 

51 . 

52 

53 

54 

50 00 
61 00 

52 00 

53 00 

25 00 

25 50 

26 OO 

26 60 

12 50 

12 75 

13 00 
13 25 

21 

20 20 

10 10 

5 05 

55 

51 00 

27 00 

13 60 

22 

21 19 

10 CO 

5 30 

56 

55 00 

27.50 

13 75 

23 

22 17 

11 09 

5 56 

67 

56 00 

28 00 

14 00 

24 

23 15 

11 58 

5 79 

58 

57 00 

28 50 

14 25 

25 

24 14 

12 07 

6 01 

59 

53 00 

29 00 

14 SO 




6 28 

60 

59 00 

29 50 

14 75 

20 

25 12 

12 55 



27 

20 10 

13 05 

6 53 

61 

CO 00 

30 00 

15 00 

28 

27 08 

13 54 

6 77 

02 

01 00 

30 60 

15 25 

29 

28 06 

14 03 

7 02 

03 

62 00 

31 OO 

15 50 

30 

29 04 

14 52 

7 26 

64 

63,00 

31 50 

15 75 





65 

61 00 

32 00 

16 00 

31 

32 

33 

34 

35 

30 00 
. 31 00 

32 00 
. 33 00 

34 00 

15 01 

15 60 

16 00 
10 50 
17 00 

7 51 

7 75 

8 00 

8 25 

8 50 

G6 

07 

08 

69 

70 

65 00 

CG 00 

07 00 

68 10 

69 10 

32 50 

33 00 

33 52 

34 04 

34 56 

16 25 
16 50 

16 76 

17 02 
17 28 

36 

35 00 

17 50 

8 75 

71 

70 20 

35 08 

17 54 

37 

36 00 

18 00 

9 00 

72 

71 20 

35 60 

17 80 

38 

37 00 

18 50 

9 25 

73 

72 20 

36 12 

18 06 

39 

38 00 

19 00 

9 50 

74 

73 30 

36 64 

18 32 

40 

. 39 00 

19 50 

9 75 

75 

74 30 

37 15 

18 58 

G 

= Specific gravity ol standard solution 






100 «• Cc of 1.100 stock solution diluted to 100 cc 

50 »> Cc of 1.100 stock solution diluted to 50 cc. 

25 « Cc. of 1 100 stock solution diluted to 25 cc. 


Standards may be prepared, accurate to 0.0003 by a somewhat simpler 
method. To make the standard of 1.075 gravity, measure 74 cc. of stock 
from a buret into a 100-cc volumetric flask. Dilute to the mark, mix and 
transfer to a 4-ounce bottle which is stoppered to prevent evaporation 
For the next standard, 1.074, in the series, after rinsing the flask take 
73 cc of stock and dilute to the mark. 

For each subsequent standard take an amount of stock which is I cc 
less than the desired specific gravity. By doing this allowance is made 
for the shrinkage in volume which occurs on mixing. 

A complete or partial set may be prepared. Sets of standards of 50 cc. 
or 25 cc. each may be prepared if the amount of work to be done would 
so indicate. Any standard may be used until about one-fortieth of its 
volume of blood or plasma has been added before the gravity is changed 
by 0.0005. One small drop for each cc. of standard is approximately that 
amount. The 100-cc. standards, therefore, serve for about 100 tests. 

15 
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Controls to determine when standards should be changed may be pre- 
pared by adding 2.5 cc. of plasma to a standard of 1.028 gravity (100 cc. 
in a 4-ounce bottle) and 2.5 cc. of whole blood to a standard of 1.060 
gravity. When the volume of precipitate in a standard equals that in the 
control bottle, the standard should be replaced. 



Fio. 22.— Line chart for calculating plasma proteins, hemoglobin and hematocrit from 
gravities of plasma and blood. (U. S. Navy Research Unit, Hospital of the Rockefeller 
Institute for Medical Research, New York City.) 


2. Procedure.— In drawing blood by venepuncture do not allow the 
tourniquet to remain on for more tha n one minute. Drops of whole blood 
may be delivered directly into the standards from the syringe and needle. 
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If plasma is to be used as well, discharge the blood into an oxalate tube 
and mix thoroughly. Centrifugalizc a portion to obtain clear plasma. 
Mix cells and plasma very thoroughly by inverting at least ten times if 
oxalatcd whole blood is used. Serum may be used instead of plasma if 
the correction given under "Calculations” is applied. 


'Plaa 

Specific 


Hemoglobin ffematocpit 
(qm/lMcc) 


To find 

Plasma rrnimno . uaa 2 ocalo cn line tolefu 
Mb or Ml. f rom G 3 and Gp , stretch thread 
1 across G^and Gp number* on outwdo 
line* Head reeult on inner lino 


stretch thread across Cq and moan 
normal Gp Xeftult on inner line. 

Cxom ele. Lire a crest chart thaws calcula- 
tion of Mb- 15.1 and Ilf 17 from Gp-1 C£M 
end G*- 10595. 

M £l Plasma scales read up, other* down 

Correction fpr oyglotg . deduct from both 
Gj}OndCp OC004 for each mg 5 2 mixture 
’■< f, a/rf H aulateo added per cc blood. 

Unaof op, gravity is M*0 at carnn temper*- 
atura 



!3 -Lina rlmt for calculating pcrccnUKe* of notmal i>l**t&» protein* end l.< 
it ilirs of |>U*ms and Uc«od. ( U. S. Nsvy Itoecerch Unit, Hospital of the It 
e for Medical lleacarch. N'c«r York City ) 


The drop of plasma, whole blood or scrum is delivered from a medicine 
flropjicr or the syringe needle from a height of about ] cm. above the 
solution. Small drops should lx? used since they permit more teats before 
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a standard must be changed. Greasing the tip of the medicine dropper 
with vaseline mixed with caprylic alcohol will reduce the drop size. 

Within five seconds the momentum of the fall is lost and the drop will 
rise, remain stationary or continue to fall. The gravity of the drop does 
not change for an additional ten to fifteen seconds and there is ample time 
to observe its behavior during this time. If the drop is lighter than the 
solution it will rise, perhaps only a few millimeters and may then sink 
again. If the drop is heavier it will continue to fall. If of the same gravity 
it will remain stationary for ten to fifteen seconds and then fall. The 
action of the drop during the ten seconds after it has lost its momentum 
determines whether it is lighter or heavier than, or the same as the test 
solution. 

3. Calculations.— Whole blood gravities G B and plasma gravities G f 
as determined are used to calculate plasma proteins, hemoglobin and hem- 
atocrit directly from the line charts, Figures 22 and 23. 

If heparin is used as the anticoagulant no corrections are necessary. 

If the oxalate mixture is used, subtract 0.0004 from the observed gravities 
for each mg. of oxalate mixture added per cc. of blood. 

If serum is used instead of plasma, add 0.0005 to the observed gravity 
to get the plasma gravity. 

XXI. Determination of Carbon Monoxide. 

A. Carbon Monoxide of Blood (Sayers, Yant and Jones). —This method 
depends upon the fact that carbon monoxide, CO, combines with the 
hemoglobin of the blood, displacing the oxygen and changing oxyhemo- 
globin, HbO, to carbon monoxide hemoglobin, HbCO. The blood under 
examination is treated with absolutely fresh pyro tannic acid solution, 
which in the presence of CO develops a specific color. This color is com- 
pared with a set of standards representing xarious degrees of saturation 
with CO from 0 per cent to 100 per cent in steps of 10. 

1. Reagents.— (a) Pyrogallol, 2 per cent aqueous solution. 

( b ) Tannic Acid, 2 per cent aqueous solution. — Equal volumes of (a) 
and (6) are mixed just prior to use. 

(c) Preparation of Standards . — Five cubic centimeters or more of human 
or animal blood are drawn and kept from clotting by the addition of 5 mg. 
of sodium citrate per cc. of blood. This blood is divided into equal 
parts, one of which is immediately diluted 1 to 10 with distilled water, 


formi 


other is saturated 

with ' ■ 


it. Where illumi- 

natin L _ 

■ 

■ating sulfuric acid 


with oxalic acid, passing the gas produced through a solution of sodium 
hydroxide to remove the carbon dioxide, before passing it through the 
blood. The saturated blood is now diluted 1 to 10 with distilled water, 
forming Solution II, all carbon monoxide hemoglobin. 

From Solution I and Solution II, mixtures are made in small test tubes, 
approximately 8 mm. in diameter, which total 1 cc. but vary from 0 per 
cent to 100 per cent HbCO in steps of 10. For example: To the first tube 
1 cc of the oxyhemoglobin, Solution I only, is added; to the second tube 
0.9 cc. of Solution I and 0.1 cc. of Solution II; to the third tube 0.8 cc. of 
Solution I and 0.2 cc. of Solution II and so on in each of the succeeding 
tubes. Solution I diminishing by 0.1 cc. in each tube, and Solution II 
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increasing by 0.1 cc. in each tube until the last tube which contains 1 cc. 
of Solution II only and will represent 100 per cent HbCO. 

To each standard thus prepared add 1 cc. of the mixture of equal parts 
of strictly fresh solutions of 2 per cent pyrogallol and 2 per cent tannic 
acid, after which the tube is inverted twice to insure thorough mixing. 
The tube should be sealed immediately by pouring a little melted paraffin 
on top of the contents while immersed in cold water to prevent over- 
heating. When the walls of the tube become dry the remainder of the 
tube should be filled with ordinary sealing wax. Care should be taken to 
exclude all air. These standards develop their full color in about thirty 
minutes, and if kept in a cool, dark place will keep for one or two weeks. 

2. Procedure.— Collect 0.1 cc. of blood from the tip of the finger and 
dilute with 0.9 cc. of distilled water in a test tube of the same size used 
in the preparation of the standards. Add 1 cc. of the strictly fresh pyro- 
tannic acid mixture used in the preparation of the standards. Invert the 
tube several times. Place in a rack and allow to stand for fifteen minutes, 
at the end of which period comparison is made with the standards by 
interposing between them until the standard is found which it most nearly 
matches. If CO is indicated the tube should be allowed to stand for fifteen 
minutes longer and another reading made. 

3. Calculation.— The percentage of HbCO i3 estimated from the value 
of the standard most closely matched. 

11. Carbon Monoxide in Air (Sayers, Yant and Jones).— 1. Reagents.— 
Same as for blood. 

2. Procedure.— Fresh human or animal blood is obtained and diluted 
1 to 10 with distilled water. Two cc. of this solution are then introduced 
into a sample bottle containing the air to be anal) zed, the manipulation 
being such as to allow as little of tire air a$ possible to escape. 

The sample bottle is a 250*cc. bottle or flask in which the air to be 
i ' i . . glass tube on the end of a scrubber 

\ : ■ iir through the scrubber and bottle 

. ' . . ■ j . he last squeeze of the bulb, the glass 

tube is quickly rcmo\cd and a rubber stopper inserted in the bottle. 

The bottle containing the blood is equilibrated by being rotated con- 
stantly for fifteen to twenty minutes, as much as possible of the surface 
of the bottle being co\ ered w ith the blood solution. When this equilibration 
has been finished, 1 cc. of the equilibrated blood solution is placed in a 
test tube, 1 ce. of fresh pyrotannic acid mixture added, and the comparison 
of colors and determination of HbCO made according to the procedure for 
blood. 

llbCO 2033 

3. Calculation. ioo-UbCO x boo ” cc> l * r l0 ' 000 i*” 1 * o( 

Example .— A blood solution equilibrated with a gas sample was found 

to contain 50 per cent HbCO by comparison with the standards. Su!>- 
sti til ting this \aluc in the abo\c equation gi\es the following: 

lu^ba x sod “ 7 i , mU c0 »“* r 10 - <w) of “ f 

Tiie equilibration of the blood with the air sample should l>e done ata 
temperature not varying more than 3* C. plus or minus from 2U 3 (0° 

plus or minus from t'e> 0 K-). Within this range the temperature corrvUiou 
is so small as to tie tu gligible. 
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AXII. Alkali Reserve. Direct Method. Carbon Dioxide Capacity of 
the Blood Plasma by the Volumetric Method (Van Slyke and Cullen). 


Position 1 



Flo. 24 — Van Sly Vo xoluxaetnc COi apparatus. 


The plasma from oxalated blood is 
shaken in a separatory funnel filled 
with an air mixture whose carbon 
dioxide tension approximates that of 
normal arterial blood, by which 
treatment it combines with as much 
carbon dioxide as it is able to hold 
under normal tension. A known 
quantity of the saturated plasma is 
then acidified within a suitable pipet, 
and its carbon dioxide is liberated 
by the production of a partial 
vacuum. The liberated carbon di- 
oxide is then placed under atmos- 
pheric pressure, its volume accurately 
measured, and the volume corre- 
sponding to 100 cc. of plasma cal- 
culated. 

1. Reagents and Apparatus. — (a) 
Apparatus.—' The apparatus used is 
illustrated in Figure 24. It is made 
of strong glass in order to withstand 
the weight of the mercury without 
danger of breaking, and is held in a 
strong clamp, the jaws of which are 
lined with rubber. In order to pre- 
'ent accidental slipping of the appa- 
ratus from the clamp, an iron rod 
of 6 or 8 mm . diameter should be 
so arranged as to project under the 
cock “f” between “c” and ‘ d.’ 
Three hooks or rings at the levels 1, 
2 and 3 serve to hold the levelling 
bulb at different stages of the anal- 
ysis. The bulb is connected with 
the bottom of the apparatus by a 
heavy-walled rubber tube. 

It is necessary, of course, that 
both stopcocks be properly greased 
and absolutely air-tight; and it is 
also essential that they (especially 
“f”) should be held in place so that 
they cannot be forced out by pres- 
sure of the mercury. Rubber bands 
may be used for this purpose, but it 
has been found that elastic fine wire 


spirals, applied in the same manner as the rubber bands, are stronger 
and more durable. 


When the apparatus is new, or whenever air has been admitted to it 
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as in renewing mercury or, perhaps, through leaks, the rubber tubing and 
even the glass walls, may contain considerable amounts of gases; these 
must be evacuated before using it. To test the apparatus for tightness and 
freedom from gases, raise the levelling bulb and completely fill the apparatus 
with mercury. The bulb is then lowered to Position 3, so that a vacuum is 
produced, the mercury falling to about the middle of “d;” the bulb is 
then raised again. If the apparatus is tight and gas-free, the mercury will 
refill it completely, and will strike the upper cock with a sharp click. If 
there is any gas in the apparatus, it will act as a cushion; the click will 
not be heard, and a bubble will remain above the mercury. In this case 
expel the collected gas through cock “e,” and repeat the procedure until 
all the gas has been evacuated. After the apparatus has once been freed 
from gases, it can be used repeatedly and indefinitely without further 
trouble from this source, if no air is admitted and there is no leak. It is 
always desirable however, before making the first determination of a 
series, to test the apparatus as described above. 

After a determination is finished, the levelling bulb is lowered without 
opening the upper cock and most of the mercury is withdrawn from the 
pipet through “c." The water solution from “d” is readmitted; and, with 
levelling bulb raised to Position 1, the water solution together with a little 
mercury is forced out of the apparatus through “a.” The apparatus may 
then be used immediately for another determination; the slight amount 
of the old solution which remains on the inner surface of the pipet is 
negligible; if it is to be set aside it is well to rinse it several times with 
water, and then to leave it completely filled with mercury. If the apparatus 
is used only occasionally, it is well to stopper lightly both cup "b” and 
the mercury bulb. 

(6) Sulfuric Acid, 5 per cent. 

(c) Octyl Alcohol. 

2. Procedure.— (a) Drawing the Blood.— About 0 to 7 cc. of venous 
blood are drawn into a centrifuge tube containing a very little powdered 
potassium oxalate. Use 20 mg. for 10 cc. of blood, and not more; less 
should be used if less blood is drawn. The estimation may be made with 
as little as 3 cc. of blood, using only 0.5 cc. of plasma; but the larger quantity 
of blood, allowing 1 cc. of plasma to be used, is preferable. The addition 
to the oxalate in the tube, before the blood is drawn, of sufficient paraffin 
oil to cover the quantity of blood taken is also recommended but if the 
determination is proceeded with promptly, and if only the very minimum 
of shaking or stirring sufficient to mix the blood and oxalate is done, the 
paraffin oil can be omitted. 

The tube and contents are then ccntrifugalizcd to obtain the separated 
plasma. 

If it is necessary to make the estimation of carbon dioxide at a later 
time, the plasma should be transferred to n paraffined tube, covered with 
paraffin oil, stopjK-red lightly and kept cold. Under these conditions, if 
sterile, it may be kept for over a week without alteration of its carbon 
dioxide capacity. 

(6) Saturuliun <>f the Plasma with Carbon Dioxide. — 'transfer about 3 cc. 
of the plasma to a 30(>-cc. scjKiratnry funnel; the air within the funnel is 
displaced either by alveolar air from the lungs of the operator or 5.5 per 
cent carbon dioxide mixture from a tank. In either case the gas mixture 
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must be passed oyer moist glass beads before it enters the funnel; this may 
be done conveniently by the use of some such apparatus as is shown in 
Figure 25. 

When alveolar air is used, the operator, without inspiring more deeply 
than normal, expires as quickly and as completely as possible through 
the glass beads and separatory funnel. The stopper of the funnel should 
be inserted just before the expiration is finished, so that no air will be 
drawn back into the funnel; the funnel-cock is then closed. In order to 
saturate the plasma, the separatory funnel is slowly turned for two minutes, 
distributing the plasma in a thin layer as completely as possible over the 
interior surface of the funnel. 

After saturation is complete, the stoppered funnel is placed upright and 
allowed to stand until the fluid has drained from the walls into the bottom. 



Fio. 25. — Separatory funnel used in saturating blood plasma with carbon dioxide. 


(c) Determination, of the Carbon Dioxide.— Before beginning a deter- 
mination, it is necessary that the entire apparatus, including the chamber 
“d,” the communicating tube “c,” and the pipet proper, be filled with 
mercury to the top of both capillary tubes above the cods “e;” this is done 
by raising the mercury bulb with the cock open, and closing the cock 
when the mercury reaches the proper level. Then, using a cotton-covered 
applicator, wash out the cup “b” with distilled water and remove any 
excess with a dry applicator. This washing of the cup is essential to prevent 
any premature liberation of carbon dioxide from the plasma, especially 
since the last solution added in any preceding determination was the 
5 per cent sulfuric acid. 

Then, the tight and gas-free apparatus being filled with mercury, 1 cc. 
of plasma, accurately pipeted, is placed in the cup, the tip of the pipet 
remaining below the surface of the plasma as it is added. With the mercury' 
bulb at Position 2, the plasma is admitted from the cup into the 50-cc. 
chamber, leaving just enough above the cock “e” to fill the capillary, so 
that no air will be introduced when the next solution is added. The cup 
is then washed with two portions of about 0.5 cc. of water, each portion 
being admitted to the pipet in turn. A small drop of octyl alcohol is then 
permitted to flow entirely into the capillary' above “e” and, finally, 0.5 cc. 
of 5 per cent sulfuric acid are run in. 

It is not necessary that exactly 1 cc. of wash water and 0.5 cc. of acid 
shall be taken but the total \olume of the water solution introduced must 
extend exactly to the 2.5-cc. mark on the apparatus; this can readily be 
accomplished by placing slightly more than sufficient acid solution in the 
cup, and then drawing the solution down exactly to the mark. 
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After the acid has been added, the cock “e" is closed, a drop of mercury 
is placed in the cup and allowed to run down the capillary as far as the 
cock, in order to seal the latter. Whatever excess of sulfuric acid remains 
is then removed by a cotton-covered applicator. 

If the amount of plasma available is small, saturate a little more than 
0.5 cc. with carbon dioxide in a 50-cc. funnel, and use exactly 0 5 cc. 
for the determination. In this case the quantities of water and acid used 
to wash the plasma into the apparatus are halved, so that the total volume 
of water solution introduced is only 1.25 cc. and the observed volume of 
gas is multiplied by 2 before proceeding with the calculation. 

The mercury bulb is now lowered and hung at Position 3, and the mercury 
in the pipet allowed .to run down to the 50-cc. mark, producing a vacuum 
in the apparatus. When the mercury meniscus has fallen to the 50-cc. 
mark, the lower cock "f” is closed, and the pipet removed from the stand. 
Equilibrium of the carbon dioxide between the 2.5 cc. of water solution 
and the 47.5 cc. of free space is obtained by turning the pipet upside down 
15 or more times, thus thoroughly agitating the contents. The pipet is 
then replaced in the clamp. 

By opening the cock “f,” the water solution is now allowed to flow 
from the pipet completely into the chamber “d,” without, however, 
allowing any ( cvcHing bulb is then raised in 

the left hand, “f” is turned so as to connect 

the pipet with „ _ from “c” fills the body of the 

pipet and as much of the calibrated stem at the top as is not occupied by 
the gas extracted from the solution. A few* hundredths of a cc. of water, 
which could not he completely drained into “d,” floats on top of the 
mercury in the pipet; the error caused by the rvahsorption of carbon 
dioxide into this small v oluuic of water is negligible if the reading is made 
at once. The mercury bulb is held at such a level that the gas m the pipet 
is under atmospheric pressure; that is, level with the top of the mercury 
column in the pi|>et stem, and the volume of gas read on the scale. 

In order to have the column in the pipet exactly balanced by that 
outside, the surface of the mercury in the levelling bulb should !>c raised 
until it is level with the mercury meniscus in the pipet, and then, for 
entire accuracy, raised uIkivc the latter meniscus by a distance equal to 
one-thirteenth of the height of the column of water .iIkjvc the mercury. 
As the water column should never bo mure than 10 mm. high, the cor- 
rection that has to be estimated is levs than l mm. of tmreury, not enough 
to influence results appreciably. 

3. Calculation.— When from plasma, saturated as above dc^cnUd with 
alveolar air, gases are extracted for .uulv.ds, one obtains, not only the 
cjflMm dioxide Ixiund as bicarbonate and m t free by acidification, but al*«i 
the catUitl dioxide and air phx deafly dissolved by the plasma and water. 
The gases thus dissolved are. of course, indrjK'lidcnt of the alkali ft-s*rve. 
and are subtracted from the total in order that the carbon dioxide l«ouu>l 
as bicarbonate may be tslimaUsh ’Hie exa.t amount to l*c sublracUsl 
varies 'lightly with room temperature. and may l«e drtrnniiud h> blank 
aivdv -is, of \ aloii itrsl from the ktttMU sohibdity csn-tJUaitl* of the ga 
*nu» has iie.il dut.e; and all of the Mtrwrv cornelians arr included in 
Table 2.1. This table In* l<s n hi talntUltd as t«» gi'c dirt* tl>, for an» 
given trtajH ratuiv and b*nas.rine prrv *rr. the mh’-f of sad*.ri d.^xale. 
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reduced to 0° C. and 760 ram. of mercury pressure, that 100 cc. of plasma 
are capable of binding when saturated at 20° C. with carbon dioxide at 
approximately 41 mm. tension. 

Table 23 — Calculation or Carbon Dioxide Combining Power or 
Plasma. (Van Sltxe and Cullen.) 


Observed Cc of COi reduced to 0° C . Observed Cc of COi reduced to 0® C . 


\ol gaj 760 mm., bound as bicirbon- 
B Ate by 100 CC of pU«mA 

X 

760 

15* 70* 25* 30* 

0 20 9 1 1 2 3 4 5 * 7 8 9 9.9 ' 10 7 11 8 

1 10 1 10 9 11.7 12.6 

2 11 0 > 11 8 12 6 13 5 

3 12 0 12 8 13 6 14.3 

4 13 0 13 7 14 5 15 2 

5 13 9 14 7 15 5 16 1 

6 14 9 15 7 16 4 17 0 

7 15 9 16 6 17 4 18 0 

8 16 8 17 6 18 3 18.9 

9 17 8 18.5 19 2 19 8 , 

0 30 18 8 19 5 20 2 20 S 

1 19 7 20 4 21 1 21 7 

2 20 7 21 4 22 1 22 6 

3 21 7 * 22 3 23 0 23 5 

4 226233240 24 5 

5 23 6 24 2 24 9 25 4 

6 24 6 25 2 25 8 26 3 

7 25 5 26 2 26 8 27 3 

8 26 5 27 1 27 7 2S 2 

9 27 5 28 1 28 7 29 1 

0 40 28 4 29 0 29 6 30 0 

1 29 4 30 0 30 5 31 0 

2 30 3 30 9 31 5 31 9 

3 31 3 31 9 32 4 32 8 

4 323328334338 

5 33 2 33 8 34 3 34 7 

6 31 2 34 7 35 3 35 6 

7 35 2 35 7 36 2 36 5 

8 36 1 36 6 37 2 37 4, 

9 37.1 37 6 38 1 38 4 

0 50 38 1 38 5 39 0 39 3 

1 39 1 39 5 40 0 40 3 

2 40 0 40 4 40 9 41 2 

3 41 0 41 4 41 9 42 1 

4 42.0 42 4 42 8 43 0 

5 42 9 43 3 43 8 43 9 

G 439443417449 

7 44 9 45 3 45 7 45 8 

8 45 8 46 2 46 6 46 7 

9 46 8 47 1 47 5 47 6 

0 GO 47 7 48 1 48 5 48 6 


Tol. aaa 760 mm , bound aa bicArbon- 
II Ate by 100 cc of plairoa 

X 5S — 

■15" 20* 25* 30° 

0 60 47.7 ' 48 1 . 48 5 48.6 

1 48 7 49 0 49 4 1 49.5 

2 49 7 50.0 50 4 50 4 

3 50 7 51 0 51.3 51.4 

4 51 6 51 9 52 2 52.3 

5 52 6 52 8 53.2 53 2 

6 53 6 53 S 54.1 54 1 

7 51 5 51.8 55 l 55 1 

8 ,555 557 56 0 560 

9 56 5 56 7 57 0 56 9 

0 70 57 4 ' 57 6 j 57.9 1 57 9 

1 i 5S 4 58.6 58 9 SS 8 

2 ' 59 4 59 5 J 59 8 59.7 

3 GO 3 ■ GO 5 60 7 , CO 6 

4 61 3 01 4 , 61.7 | 61.6 

5 62 3 62 4 62 6 ' 62.5 

6 63 2 63 3 63 6 63.4 

7 61 2 64 3 64 5 I 61.3 

8 65 2 65 3 65 5 65.3 

9 66 1 66 2 66 4 . 66.2 

0 80 67.1 07 2 67 3 67.1 

1 68 1 63 1 63 3 63.0 

2 69 0 , 69 1 69.2 69 0 

3 70 0 1 70 0 ' 70.2 \ 69.9 

4 71.0 ,71 0, 71.1 . 70 8 

5 71.9 , 72 0 72.1 > 71 8 

6 72.9 72 9 73 072 7 

7 73.9 73 9 , 74 0 . 73 6 

8 74 8 74.8 . 74.9 74 5 

9 75 8 ' 75.8 I 75 8 , 75 4 

0 90 76 8 i 76 7 , 76 8 i 76 4 

1 77 8 77 7 77 7 . 77.3 

2 78 7 , 78 6 i 78 7 ' 78.2 

3 79 7 79 6 79.6 79.2 

4 SO 7 80 5 80 6 * 801 

5 Si 6 81 5 SI. 5 81.0 

6 82 6 82 5 82 4 82 0 

7 S3 6 S3 4 83.4 82.9 

8 81 5 SI 4 81.3 83.8 

9 85 5 85 3 85 2 Si. 8 

100 865 862 86 2 85 7 


In compiling this table, it is assumed that the saturation of the plasma 
with carbon dioxide, and the determination of the amount of gas, are 
both done at the same temperature and pressure; and the second step 
should, therefore, immediately follow’ the first. 

The temperature figures at the heads of the columns represent room 
temperature at which the procedure is carried out; and “B” represents the 
observed barometric pressure. 
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To make the calculations, after determining the volume of carbon 
dioxide in the plasma, divide the observed pressure by 760, and multiply 
the result by the volume of carbon dioxide as read on the apparatus. 

Then, opposite this figure in the left hand column of the table, read 
the desired corrected volume of carbon dioxide under the temperature 
heading nearest to the observed temperature. 

This gives directly the cc. of carbon dioxide, reduced to 0° C., and 
760 mm. of mercury pressure, bound as bicarbonate by 100 cc. of plasma; 
or, in other words, the combining power of the plasma expressed directly 
in “volumes per cent.” 

XXIII. Determination of Atabrine* in Blood and Urine (Masenj).— 
This method and that of Brodie and Udenfriend which follows are based 
upon the extraction of atabrine with an immiscible solvent and its sub' 
sequent estimation by measuring its fluorescence as compared with that 
of a standard in a photoelectric fluorometer. 

Mason extracts the atabrine from whole blood or plasma after alkaliniza- 
tion with strong sodium hydroxide, by means of a mixture of petroleum 
ether, isopropyl and isobutyl alcohols. The solvent mixture plus the 
atabrine is purified by washing with dilute NaOH and the atabrine then 
returned to the aqueous phase by shaking with dilute HC1. After making 
this solution alkaline, the fluorescence which is increased thereby, is 
measured. 

With plasma or urine comparison of fluorescence is made against a 
simple aqueous standard atabrine solution. However, in the case of whole 
blood recovery of atabrine has been found to approximate only 95 to 97 
per cent of the total present. It is therefore necessary to use a standard 
prepared by adding atabrine solution to whole blood and then treating it 
in the same manner as the unknowns. Since the losses are comparable in 
standard and unknown no correction for incomplete recovery is necessary. 

1. Reagents and Apparatus.— (a) Sodium Hydroxide, 4 N. 

( b ) Sodium Hydroxide, 0.3 N. 

(c) Petroleum Ether, b. p. 30° to 65° C., redistilled. 

(d) Isopropyl-isobutyl Alcohol Mixture.— Mix equal parts of redistilled 
isopropyl and isobutyl alcohols. 

(e) Isopropyl Alcohol in 0.1 N 7/C/.— Measure 300 cc. of redistilled 
isopropyl alcohol into a liter volumetric flask, add 100 cc. of 1 N HC1 and 
dilute to the mark with distilled water. 

(/) Borate— NaOII Buffer .— Dissolve 4 gm. of sodium borate in 100 cc. 
of 1.35 N sodium hydroxide. Filter until clear. 

( 9 ) Standard Atabrine Solutions. — (1) Stock solution. Dissolve G3.G mg. 
of atabrine hydrochloride (CuIIioClNjO ' 2HC1 • 2H : 0) in a liter of 0.1 N 
hydrochloric acid. In a dark bottle in the refrigerator this solution will 
keep for one month. (2) Working Standard. Dilute 3 cc. of stock solution 
to 100 cc. with 0.1 N HCl. Each cc. contains 0.0015 mg. of atabrine base 
(CylljoClNjO). This dilute solution deteriorates rapidly and must be 
preparer! on the day of use. 

( k ) Photoelectric Fluorometer .— Any instrument having sufficient sensi- 
tivity for the determination of thiamine or riboflavin in biological material 
is satisfactory. The Coleman Electronic Photofluorometcr Xo. 12, shown 

• Quinacxino lij dco chloride « Iho nuns made official by the U S P. XII. 
t M abes, J. M.: J. Biol. Chcm , 148. 529. 1913. 
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in Figures 26 and 27, is very satisfactory. It combines ruggedness and 
stability with sensitivity and simplicity of operation. 

The source of activating light in the photofluorometer is an ultra-violet 
lamp. This is provided with a shutter so that light may be excluded from 
the system except during the actual reading of fluorescence. When the 
shutter is opened light from the lamp passes through a filter which trans- 
mits only a narrow band in the range 4200A 0 . This band of light strikes 
the atabrine (or any other solution) in the fluorometer cuvet or tube and 
activates the atabrine to fluorescence. The fluorescent light passes through 
a second filter and strikes a photoelectric cell. This second filter transmits 
practically none of the incident light since the paths of the incident and 
emitted light are at right angles to each other and the filters are com- 
plementary. 

The current generated by the photocell is, therefore, almost entirely 
due to the emitted fluorescent light and the galvanometer deflection pro- 
duced by it after amplification is directly proportional to the intensity of 
fluorescence. 

Since the fluorescence of atabrine (and many other compounds) in 
dilute solution is directly proportional to concentration, unknowns can be 
directly determined by comparison with known standards. 

(i) Filters .— Between the ultra-violet lamp and the sample use Corning 
blue-glass filter No. 511, thickness 2 mm. Between sample and photocell 
use Corning glass filter No. 338, 2 mm. thick. A metal screen intensity 
reducer (Coleman) is also required. 

(/) Stopcock Lubricant, Non-fluorcsccnt .— Ilcat 3 parts of glycerol and 
2 parts of soluble starch to 1-10° C. until a smooth mixture results. 

( k ) Extraction Vessels .— Small cylindrical separatory funnels of about 
30 cc. capacity such as arc used in the determination of thiamine. These 
reaction \csscls fit in the regular 50-cc. trunnion cups of the ordinary 
centrifuge. They' are illustrated in Figure 2S. 

2. Procedure.— (a) For Whole lllood .— Collect blood by venepuncture 
using 1.5 ing. of lithium oxalate or 2 mg. of potassium oxalate per cc. as 
an anti-coagulant. If only one determination is to be made, take 12 cc 
of blood. If several arc to be made, collect 12 cc. from one patient and 
0 cc. from the others. Prepare the extraction vessels, one for each sample, 
bv placing in each 3 cc. of 1 N NaOII and 8 cc. of isopropy 1-isohuty I alcohol 
mixture. Then add 1 cc. of water and 7 cc. of petroleum ether. In one of 
the \essels put 1 ec. of standard atabrine solution instead of the 1 cc. of 
water. This is to sen c as the standard upon which to base the calculations. 

To each vessel add 5 cc. of blood, using the additional 5 cc. from the 
12 ec. sjH.'cimen for the standard vessel. Stopper each as soon as the blood 
has been added and mix by inverting several times. Shake vigorously - by 
hand or in a mechanical shaker for five minutes. 

Allow the vessels to stand for three minutes for separation of the* layers 
to occur, then draw ofl the blood lay eras completely as possible and discard 
it. Whirl the tu!>c to loosen protein particles clinging to the walls and 
eentrifugalizc at I (XX) r.p m. for three minutes. Draw otT the small addi- 
tional amount of blood w hidi collects. 

Add 10 cc. of 0.3 N NaOII to each vessel, stopper and shake vigorously 
for thirty seconds. After stratification tv complete (one to two minutes) 
draw olF and discard the lower alkaline layer. CcnirifugJuc for three 
minutes at 1UU) r p.m,, then discard the small aqueous alkaline Layer. 
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Next add 10 cc. of the 30 per cent isopropyl alcohol solution in 0.1 N IIC1, 
stopper and shake vigorously for thirty seconds. The atabrine passes from 
the upper ether-alcohol layer to the lower aqueous-acid-alcohol layer. 
Centrifugalize for five minutes at 1000 r.p.m. to secure better separation 
of layers. 

Draw off an aliquot of this lower layer allowing the first few drops to 
wash out the stem of the funnel. The amount withdrawn will depend 
upon how much is required to fill the fluorometer cuvets to a point which 
will give a satisfactory reading. For most tubes 8 cc. are a proper aliquot. 
The tubes or cuvets should be marked at the proper level. If a larger 
amount of fluid is required for the reading, use a greater volume of the 
aqueous-acid-alcohol solution in the extraction. 

Prepare a blank by placing 8 cc. of isopropyl alcohol-acid solution in 
another cuvet. To each add 1 cc. of the NaOH-borate buffer and mix by 
vigorous shaking. Measure the fluorescence immediately after adding the 
alkali. 

(b) Procedure for Plasma .—' The technic is the same as that given for 
whole blood, using 5 cc. of plasma. Separation of plasma from cells must 
be carefully done in order to avoid including leucocytes in which the con- 
centration of atabrine is many times greater. 

The standard for comparison with plasma consists of 1 cc. of the working 
atabrine standard plus 4 cc. of water. 

(c) Procedure for Urine .— Since the concentration of atabrine in the 


of this dilution with 1 cc. of the NaOH-borate buffer and read in the fluoro- 
meter, using an appropriate aqueous solution of atabrine as the standard. 

(d) Measurement of Fluorescence .— With the filters in place turn on the 
fluorometer ten minutes before the measurements are to be made so that 


until the galvanometer reads some convenient figure, usually 75 to 100. 
The unknowns are then read as rapidly as possible, checking after each 
one or two with the standard solution to see that there has been no change 
from the initial setting. Should such change occur, reset the instrument 
with the sensitivity control and recheck the unknown. 

Should a high value be encountered, set the standard to a lower value 
with the sensitivity control. If it is impossible to keep the galvanometer 
needle on the scale by this means, insert the metal screen intensity reducer 
in the filter holder, adjust the sensitivity with the standard in place and 
then read the unknown. 

3. Calculation.— The readings of the fluorometer are directly proportional 
to the atabrine concentrations within the limits usually encountered. 

R« X C, X 200 

— mg. of atabrine per liter, where 

R u = reading of unknown blood sample 

R, ** reading of blood sample to which atabrine was added minus the reading of the 
same blood without the added atabrine, and 
C, — amount of atabrine m mg. added to the blood used as a standard 
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The following example illustrates typical results: Reading of blood to 
which 1 cc. of working atabrine standard solution was added is 75; reading 
of the same blood without added atabrine is 25. The difference, 75-25, 
or 50 scale divisions, is equal to the amount of atabrine added, which was 
0.0015 mg. (1.5 gamma). Since 5 cc. of blood were used the factor 200 is 
used to bring the results to those per liter. Substituting the numerical 
values 


25 X o 0016 X 200 
50 


«= 0.15 mg per liter 


XXIV. Estimation of Atabrine in Plasma (Brodie and Udenfriend*).— 
Brodie and Udenfriend postulate that the antimalarial activity of atabrine 
is a simple function of its concentration in plasma and have devised their 
method so as to make only this measurement. 

They have found the concentration in leucocytes to be of the order of 
400 times that in plasma and that, therefore, changes in atabrine con- 
centration in whole blood are as likely to reflect changes in leucocyte count 
during therapy as they are actual concentrations of the drug. 

The atabrine is extracted from the plasma with ethylene dichloride at 
pH 8. It is then returned as a salt to an aqueous phase of 85 per cent 
lactic acid. Difficulty has been experienced because of the fluorescence 
i‘* *’ ' p ' '*■ '' P aval of this material 

'< . • reases the difficulty 

i 0 . t ' -violet light has also 

been used. 

1. Reagents and Apparatus.— (o) Stock Standard Atabrine Solution.— 
Dissolve 119 mg. of atabrine dihydrochloride in about 200 cc. of water 
and dilute to 1 liter. This solution contains 0.1 mg. (100 gamma) of atabrine 
• "• . :d bottle in the refrigerator, the 


*. , . . • 1 cc. of stock standard to 100 cc. 

.... 1 a. .‘ion should be prepared each day. 

(6) Ethylene Dichloride.— Small amounts of fluorescent foreign material 
do not interfere as a rule. It is better practice, however, to purify the 
ethylene dichloride with Xorit. Filter twice to remove the Xorit through 
a double thickness of ordinary filter paper previously washed witli purified 
ethylene dichloride. All carbon particles must be removed. 

(c) Lactic Acid, 85 Per Cent (Mallinckrodt U.S.P. XII).— Purify by 
blinking with ethylene chloride in a separatory funnel. Then shake the 
lactic acid witli a small amount of Xorit, which is removed by filtering 
twice through a Buchner funnel. The manifest fluorescence of the lactic 
acid should not be more than one-third greater than that of distilled water. 

(d) Disodium Phosphate, Xai//PO«.— Prepare a 0.2 M solution. 

(e) Fluorometcr.—' The Coleman Electronic Photo-fluorometcr Xo. 12 
is preferred. Sec pjgc 235 and Figures 2 G and 27. 

(f) Filters.— Coleman Bi-PC9 filters arc used. 

The reagents used arc tested as follows: Add 10 cc. of purified lactic 
acid to 20 cc. of purified cthvlene dichloride in a glass-stoppcrcd GO-oc. 
f Kittle previously rinsed witli ethvlcnc dichloride. Shake vigorously for 
five minutes, dccaut into a 35-cc. test tube also rinsed vrith etliv leiic 
* n»ucii, [luMu> B . *ad L'otbrntAD. Closer: Jour btol Chest, (to {/■•** J 



240 QUANTITATIVE CHEMICAL EXAMINATION OF THE BLOOD 


dichloride and then centrifugalize for two minutes. Transfer at least 8 cc. 
of the lactic acid phase to a fluorometer tube and compare the fluorescence 
with that of lactic acid which has not been put through this procedure. 
The galvanometer readings should not differ by more than one-fourth 
division. 

2. Procedure.— (a) Preparation of Unknown.— Draw 25 cc. of blood by 
venepuncture using a syringe containing 6 drops of saturated potassium 
oxalate solution. Transfer immediately to a tube and centrifugalize at 
1500 r.p.m. for one hour. This procedure separates the plasma and mini- 
mizes the mechanical fracture of leucocytes. Remove the plasma with a 
syringe and needle using extreme care not to disturb the layer of leucocytes. 

Place 10 cc. of plasma in a 60-cc. glass-stoppered pyrex bottle, add 3 cc. 
of 0.2 II Na 2 HPO« and 30 cc. of ethjlene dichloride, adding the latter 
down the side of the bottle so as to prevent immediate mixing with resultant 
formation of a jell. 

Shake vigorously for five minutes preferably in a shaking apparatus. 
Decant into a 50-cc. round-bottomed centrifuge tube and centrifugalize 
for ten minutes at 2500 rpra.to break the emulsion. If a solid jell forms, 
break it by vigorous stirring with a glass rod and centrifugalize again at 
a higher speed. 

Insert a 20-cc. pipet below the coagulum carefully and withdraw exactly 
20 cc. of the ethylene dichloride solution, placing it in a GO-cc. glass- 
stoppered pyrex bottle previously rinsed with ethylene dichloride. Add 
1 cc of water and 10 cc. of lactic acid, then shake for five minutes. Transfer 
to a narrow 35-cc test tube also rinsed with ethylene dichloride and cen- 
trifugalize at 2000 r.p.m. for one minute. Transfer at least 8 cc. of the 
aqueous phase to a fluorometer tube or cuvet and determine its fluorescence 
in relation to that of the standard 

(6) Preparation of Standard and Blank .— Add 1 cc. of the working 
atabrine standard, containing 1 gamma of atabrine, to 10 cc. of lactic 
acid in a fluorometer tube. Mix thoroughly with a chemically clean glass 
rod. 

For the blank use 1 cc of water and 10 cc. of lactic acid. 

(c) Measurement of Fluorescence. —Turn on the instrument with filters 
in place and make the preliminary adjustments as given on page 238. 

While the instrument is coming to balance the specimens in the fluorom- 
eter tubes are brought to constant room temperature by immersing them 
in a water bath kept at room temperature. 

Read the unknowns with repeated checking of blank and standard by 
the procedure on page 238. Should any specimen give a reading over 100, 
the standard is set to a lower value with the sensitivity control and the 
unknown again read. 

The fluorophotometer may show a gradual loss of sensitivity. It can 
usually be restored by blowing dry air through it for half an hour. This 
removes moisture from lenses and condenser. It is good practice to do 
this routinely several times a week. 

If this does not restore the sensitivity, check the batteries with a volt- 
meter. Change any that are low. 

If batteries are satisfactory, change the ultra-violet lamp as described 
in the circular accompanying the instrument. 
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Table 24 — Nobmal Valcx 3 or Blood 


(Ail amounts are in milligrams per 100 cc. of whole blood unless otherwise stated. These 
values are for bloods taken in the morning after a fast of at least ten hours. It should 
be borne in mind that normal v alues are dependent to a certain extent upon the methods 
used, and the values gn en below are valid only for the methods described herein. 

Normal Remark* 


Non-protein nitrogen 


Urea nitrogen 
Creatinine 

Uric acid 

Sugar 


Cholesterol 


Cah lum 
Phosphorus 
Phosphatase, alkaline 

Phosphatase, acid 

Chlorides 

Alkali resene 

(COi combining power) 
Bilirubin 

Icterus index 


Total serum proteins 
Serum albumin 
Serum globulin 

Fibrinogen (plasma) 
Albumin-globulin ratio 


25 to 35 

10 to 15 

1 to2 

2 to 4 

SO to 120 

140 to 190 


10 to 12 
3 to 4 5 

2 to 9 


Oto 1.1 

450 to 500 

55 to 77 
vol. % 

0 25 to 0 8 

4 to 6 

0 5 to 3 0 

% 

4 Oto 6 0 

% 

1 5 to 2 5 

% 

0 3 to 0 6 

% 

2:1 to 2 3-1 


During digestion there is a rise of about 4 mg. per 
ICO cc. Anything below 30 mg. is to bo con- 
sidered normal, but values up to 35 mg. are 
to be found without any evidence of ladney 
retention. 

During digestion of a full meal containing meat 
a rise of 2 or 3 mg. occurs. 

In a selected series of normals the upper limit 
may be as low as 1.7 mg.; 2 mg. is the more 
common upper limit of normal. 

The figures are based upon the indirect method 
and are about 1 mg. higher than obtained by 
the direct method where the uric acid is sepa- 
rated from interfering material. 

During the absorptive period after food there is 
a marked increase, dependent on the carbo- 
hydrate of the food. The extent of this rise 
after a standard carbohj drate meal is the basis 
of the "sugar tolerance test." 

The normal v alues for cholesterol are dependent 
upon the method used to a greater extent 
than other substances- The figures given 
herein are based upon direct chloroform ex- 
traction, but when alcohol-ether extraction is 
used the upper limit of normal is about 250. 

These values are for the &erum alone and repre- 
sent the total calcium present in the serum 
after clotting and separation of the clot. 

These values are for the inorganic phosphorus of 
the serum after separation from the clot. 
Values for children are higher. 

These values are m Bodansky unite, although 
the upper limit of normal is higher than the 
value given by Bodansky because of the higher 
pH at which the phosphatase activity is 

determined. 

Values are in Shinowara-Jones-Reinhart units 
An increase is reported in carcinoma of the 
prostate with bone metastases. 

Figures for the plasma are somewhat higher than 
those for whole blood: 575 to 625 mg. per 
100 cc. 


These values are those obtained with the Evelyn 
photoelectric method. Earlier methods based 
upon the less accurate visual colorimetry give 
normal v alues of 0.1 to 0.25. 

An icterus index below the normal lrmitof 4 has 
so far been found only in cases of secondary 
anemia. An icterus index of 15 is necessary 
for jaundice to be evident clinically. Hence, 
an index between 6 and 15 is termed "latent 
jaundice." 

Iajw m nephritis with edema. 

Low in nephrosis. 

In lipoid nephrosis the globulin is usually normal 
and the reduction is in serum albumin giving 
an inverse ratio. 
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3. Calculations. —The calculation of the quinine concentration of the 
unknown filtrates is by simple proportion. In a 1 to oO p asma i u io 
using a standard containing 1 mg. per liter 


Ru , 

r s ■ 


X 50 «= nig quiajae per liter of plasma- 


CHEMICAL METHODS FOR VITAMINS 

I. Determination of Vitamin A in Serum or Plasma ^I^nd alcohol" 
A is extracted from the serum by means of petro eum ' y j tam | n to 
Antimony trichloride in chloroform solution reac s maximum 

give a blue color. This color is highly evanescent each mg a 
in from two to fifteen seconds and then rapidly a S- , 

only a photoelectric colorimeter with “ ca«t,“ 2ch is 

vanometer can be used. The same reaction is g subtracted, 

measured independently and the proper correction 0 £ 

1. Reagents.— (a) Petroleum Ether , redfetUIc^ bodmgPom^O t 
(6) Chloroform . —Use a good g-"*" aesthetic chloroior 
redistil since chloroform contains . f 

tive. Redistillation will result in . . . if cmorofoiu. 

decomposition products which will destroy vit. , j rous potassium 

tains water this may be removed by shaking 

' ' of A.C.S. or reagent 

flask. Dilute to the 


2. Procedure,— 

centrifuge tube. . ■ ■ ' 1 _ 

leum ether. Stopper and shake vigorously or n ' c 

for three minutes at a speed of 1700 to — 00 r.p- • 0 i or ; mc tcr tube and 
Place 10 cc. of tins petroleum ether extra" “ , , ct ] lc r blank using 

lead the yellow color of the carotene agains i ( t! ii ...ivanoiuetcr reading 


With a fdtcJ giving a wave length of oau ' • o[ the antimony 

lead 100 using a blank of 1 cc. of cldoio o vitamin A add I cc. o 
trichloride reagent.' To the tube containing ^ rJ|1 j t i|y add 0 cc. of 
cldoroforin. Place this tube in the instrument. tobc f nl „, a qmcle 
antimony tricliloride reagent down thesrf* M ^ n „y be. cut off 
dtinery pip c t. For this purpose a I0-c c - • „;|l oscillate bniilj a 

“t. tile end and rcc.ilibr.ited. The j’ jJLte a point of ^|..ihhnuri. 

tttttjlng occurs, and then more to the left j t ;|1 re\ erse itself 

"lncli is transitory, but unmistakable. begins to fade. bl> c b " 

Mo »'y move olf again to the right as the a3 Gen and its cor- 

' ammeter reading at the maximum . color » ,„ 1V per-i't for ' t ' rr -‘ 1 

rvs poiMling optical density as D«a* ** ,c 
or for only one or two seconds- 
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3. Calculation.— When the Evelyn photoelectric colorimeter is used the 
formula is as follows: 

737 X (Dea> — (0.14 D<«)J — International Units per 100 cc. of serum 
or plasma. 0.14 D< u represents the correction for the carotene. The above 
f ’ . * ’ ■ " • . . ■ ' * . • factor 

. '■ ■ ■ . ■ . . ■ ' ii . Corbet 

' ' ‘ ' ■ . ■ ' A -- —a 

When a colorimeter other than the Evelyn is used, the calibration factor 
may be obtained by using a sample of reference U.S.P. cod liver oil which 
usually has a potency of 3000 I.U. per gm. This is suitably diluted with 
petroleum ether. The carotene is measured with filter 440, and after 
evaporation of the petroleum ether, the blue antimony trichloride color is 
measured in the same manner as for the blood serum. From the known 
value for the cod liver oil the necessary factor is obtained to convert the 
density reading of the photoelectric colorimeter to International Units. 

4. Vitamin A Content of Normal Blood.— For males the average normal 
value is 131 1.U. with a range of 87 to 190. For females the average normal 
value is 90 I.U. with a range of 64 to 165. 

Note.— T he vitamin A is present in the blood in a relatively stable form 
and prompt analysis is therefore unnecessary'- If necessary the blood may 
be kept for several days in a refrigerator before analysis. 

II. Determination of Thiamine Hydrochloride (Hcnncssy and Cerecedo 
with modifications from Fricdemann and Kmieciak).— In the original 
method of Hennessy and Cerecedo* the blood was not deproteinized, but 
after dilution with acetic acid it was passed through a column of zeolite 
ion exchange adsorbent. This column frequently clogged up, delaying the 
filtration and at the same time the adsorbed protein tended to make the 
results high. 

By modifying the method by introducing the metaphosphoric acid pre- 
cipitation of proteins from Friedemann and Kmieciak 1 satisfactory results 
are obtained. 

I. Ee a gents and Apparatus.— (a) Hydrochloric Acid.— Approximately 
IN. 

(6) Sodium Hydroxide.— An approximately 1 X solution and a 15 per 
cent solution. 

(c) Metaphosphoric Acid.— A 10 per cent solution is prepared at fre- 
quent intervals, about once a week. Since the acid deteriorates rapidly at 
room temperature, it should be dissolved in cold water and the solution 
kept in the refrigerator when not in use. 

(d) T akadiastase or Clarase Poirder. 

(e) Bromphenol Blue.— A 0.1 per cent solution in 50 per cent alcohol. 

(f) Jon Exchange Adsorbent.— Activated artificial zeolites, such as 
Decalso or Permutit, 60- to 80-mesb. The zeolite is activated by covering 
the material in a beaker with 5 per cent acetic acid and boiling gently 
with constant stirring. The zeolite is allowed to settle and the supernatant 
liquid decanted. Repeat this procedure three additional times. Then 
wash with four portions of 25 per cent potassium chloride solution, and 
finally with boiling distilled water until all the potassium chloride has been 
removed as indicated by testing the decanted wash water with silver 

1 Jour. A a. Cfcem Soc.. 61. 179. 1939; Indust. and Ecgro. Chem-, Anal. Ed., 13, 216, 1911. 

* Jour- Lab. and Clm. Med-. 23, 1262, 1913. 
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nitrate. The prepared zeolite can then be stored either dry or under water 
until needed. 

(g) Acid Potassium Chloride Solution —Prepare a 25 per cent solution 
of potassium chloride in 0.1 N hydrochloric acid 

( h ) Potassium Ferricyanidc Solution —Prepare a 1 per cent aqueoiia 
solution from reagent grade potassium ferricyanidc. This solution is stable 
under ordinary conditions and may be kept until completely used if stored 
in an amber colored bottle in a cool dark place. 

(i) Oxidizing Reagent.- A mixture consisting of 8 parts of lo per cent 

NaOH and 2 parts of 1 per cent solution of potassium femeyamde is pn.- 
pared just before use. , . , * „ , 1 , 

0) Isobutyl Alcohol.— It the lluorescenee of the alcohol is greater tha 
that of distilled water, it must be acidified with concentrated IlC^ I, . 
drated with anhydrous sodium sulfate, and redistilled be or 

Stock solution. Exactly 50 nig. of 
; nhydrous in a desiccator, arc dissolv cd 

and made up to exactly 500 cc. in a voluuietrm ilask 

solution of ethyl alcohol in approximately 0 01 . I 

tains 100 micrograms of thiamine hydrochloride per cc. and if kept 

elution into a 

.of o.i x itch 

: . ■ tains 10 micro- 

grams of tiitmine' hyd'rocldotidclpcr cc. and is statue m, a few weeks if 
it is kept in a refrigerator. . , Dilute 1 cc. of the 

. ( 3 ) Working solution, prepared (re^heaj i O • . solut i <m contains 

intermediate solution to 100 cc. with 0.01 > !“-*• 

0.1 micrograin of thiamine hydrochloride P erc< '’, . o „ ar ts of gljcerol 
W Stopcock Lubricant.— Heat 3 parts of staKh and - parts t ^ ^ 
t» U0“ C. with constant stirring and then cool. 

un y fluorescent material. . . .. „„a, n tomcter. such as Cole- 

fa) P luoropholometcr . — Any sensitive 'n,e description below- applies 

wan, l’faltz and Hauer, Klctt, or Luinctron. 

to the Coleman fluorophotoinctcr. o p ac j, absorption tube is 

(o) Base Exchange Tubes.— Sec I'lgure - • 125-cc. gla^s suction 

attached by means of a one-hole rubber s opP • j nto Uic tottoin of 
Hask. The tubes are prepared for use by u ^ s(cm „ it l, the acti'Jtwl 
the stem a small roll of glass wool and u k , w j(cr j s jussed through 
zeolite. In order to assure rapid drainage i > 

the tubes just before use. „ „ ir -itorv funnels which fit 

(p) /fraction Vessels.— Special 35-cc. ^’1 * . t ,.«trifuge. Sec Figure-^- 
the standard 50-ce. trunnion cups of the ‘ * ' fact that the amount 

2. Procedure.— The procedure is hast 1 j„ blood, is directly 

°f thiamine hvdrocliloridc, within the R i %c „ by its oxidation 

proportional to the intensity of the Hu • ^ or on jy a limiutl range 
product, thiochrome. This linear function » , H j lcrc the range of con 

w cont durations. However, in the case a • , l)V gaming hucantj 

centrations Is rclatit ely narrow, the error 

Vd { ^ negligible. ’ . . UwjJ ^ts in the form of its p>ru- 

A large part of the tlnaimnc m tlic u 
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phosphoric acid ester. As the oxidized product of this form does not give 
the same amount of fluorescence as that of an equivalent quantity of the 
thiamine hydrochloride, the pyrophosphoric acid ester must be converted 
to the free thiamine by an enzymatic hydrolysis at a pH of 4.5 to 5.5 by 
means of the enzymes takadiastase, clarase, amylase, etc. The soluble 
proteins are then precipitated by metaphosphoric acid and the thiamine 
separated from the other substances in the blood by its substitution at a 
pH of 3 to 3.5 for the potassium ion in activated zeolite. The thiamine is 
removed from the zeolite with acid KCi and an aliquot oxidized to thio- 
chrome with potassium ferricyanide in an alkaline medium. For a standard 
a given amount of thiamine hydrochloride is added to a second aliquot 
and then oxidized. A third aliquot to which the potassium ferricyanide is 
not added is used as a blank to account for the fluorescent material other 
than thiochrome which may be present in the blood. 



Fig 28 — Special glassware for \ ltamin determinations. 


Mix 5 cc. of oxalated blood with 25 cc. of water in a large heavy-walled 
test tube such as is used in the determination of non-protein nitrogen. 
Add 0.5 cc. of 1 N HCI, mix by means of a long thin-footed glass rod. Add 
0.2 to 0.25 gm. of takadiastase and incubate the mixture one to one and 
a half hours in a water bath at 40° to 45° C. during which time the contents 
are frequently mixed by stirring. The mixture is then further acidified 
with 1.5 cc. of 1 N HCI, after which it is heated ten minutes in a boiling 
water bath with frequent stirring, and then cooled. 
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Next add 10 cc. of metaphosphoric acid solution. Adjust the volume to 
the 50-cc. mark and thoroughly mix the contents. Centrifugahze for ten 

minutes at high speed. . , . . _ , , , 

Take a 45-ec. aliquot of the supernatant liquid, add 2 drops o, brom- 
phenol blue indicator and adjust the reaction to 3 to dm by means oi 
1 N NaOII. Pass the extract through the base exchange tube contain ng 
the activated zeolite at the rate of about 1 cc. per unnu e t F > *■ . 
of all the extract, the base exchange tube is rinscxl iuth several successive 
portions of distilled water of about 10 cc. each. T e u , , , 

drain completely after each of the washings. The th.am.ne s eluted by 
passing 20 to 23 cc. of the acid KC1 through the column at i rate of 1 « 
per minute. The eluate is collected in a tube i graduated - • ‘ , 

collection is made up to the mark with acid 
Three aliquots of 8 cc. eacll arc measured into kedrochloride 

bered 1, 2, and 3. To No. 2 add 0.1 m program of ‘ta™«h}*»cU|.nde 
To Nos. 1 and 2 add 5 cc. of the oxidizing reagen XaOH 

by 10 ce. of isobutyl alcohol. To No 3 add ® ^ * 0 „e-half 

and 10 cc. of isobutyl alcohol The tubes are ' speed of about 

minutes and then centrifugalized for three m ^ I d p of 
1100 r.p.m. The aqueous layer is drawn off and d.seardea ^ 

anhydrous NajSO, added. The tubes £ ^tothe instrument tubes and tlie 
fectly clear. The alcohol is decanted off into the mstruine 
fluorescence measured in the fluorophotometer. rives a zero 

Adjust the instrument so that the bla ( P frora oxidizing to 
^a^'rapidly a^possibief working with only 

3. Calculation. —The difference between thiamine hydro- 

gives the scale divisions equivalent to 0. 

chloride. 


X R» “ micrograms 


0[ U,.ami»e to BIJOUS. 


o 1 

R,-R, x Rl x 




• Thiamine Hydrochloride Content oi Normal Whole Blood - ^ 


Ranee, micrograms per 100 cc 
A\ erage, mjerograms per 100 cc. 


Women 

3 0 to 9 2 


Men 

3 8 to U 2 


erage, microti 1“^ — . 

. trridually even on storage of 
Notes.— A s the tliiamine content c,ian f ® 0 ' rwi j„ the refrigerator and 
the sample in the cold, the blood shou w ; t hin a few* hours of 

the analysis made as soon as possib e, P , rca g C nts following the same 
collection. A blank is run on each new . t j iat 5 cc. of distilled water 
procedure as for the blood with the ex c I ^ t j ic reagents is no greater 
are added in place of the blood. If IC j ^ u tvl alcohol, it need not « 
than the reading given by a sample of isoo . . 

repeated with a given lot of reagents. thc fluorometer determine 

The size of thc cuvets and die « j n tiic extraction, the \olume 

the quantity of isobutyl alcohol to be used 
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being kept to a minimum to obtain the maximum sensitivity. When the 
Coleman instrument is used, 10 cc. of alcohol are sufficient for the extraction 
as the cuvet requires only 8 cc. of fluid. With other instruments 13 or 15 cc. 
may be needed. 

III. Determination of Ascorbic Acid in Blood Plasma (Mindlin and 
Butler). , 

1. Reagents.— (a) Mein-phosphoric Add Solution.— A o per cent solution 
is made up freshly at least every two weeks and stored in the icebox. 

(6) 2,6-Dichloropkenol-indopkenol Solution . — Dissolve approximately 
2.5 mg. in 100 cc. of distilled water. This solution keeps at least three 
weeks if stored in a dark bottle in the icebox. 

(c) Sodium Acetate Solution .— Dissolve 4.53 gm. of NaCjHjCVSHjO in 
distilled water and make up to 100 cc. Adjust to pH 7 with 0.26 cc. of 
0.5 hi acetic acid. Add a few drops of toluene as a preservative. 

(d) Indophcnol-Acetale Solution.— Mix equal volumes of the sodium 
acetate and 2,6-dichlorophenol-indophenol solutions. Enough for several 
days may be made up at a time and kept in the icebox. 

2. Procedure.— Collect 5 cc. of oxalated blood in the usual manner. Care 
must be used to avoid hemolysis. Even small traces of hemolysis will 
result in rapid destruction of almost all of the ascorbic acid. Centrifugalize 
and measure 2 cc. of the plasma into a small flask or tube. Add 2 cc. of 
distilled water and 4 cc. of 5 per cent metaphosphoric acid. Shake gently 
and filter. The filtrate must be crystal clear. 

The galvanometer of tire photoelectric colorimeter is set to 100 with a 
blank consisting of 4 cc. of the indophenol-acetate solution plus 4 cc. of 
2.5 per cent metaphosphoric acid solution. A small amount of crystalline 
ascorbic acid, sufficient to decolorize the dye is added. 

To the standard tube add 4 cc. of the indophenol-acetate solution plus 
4 cc. of 2.5 per cent metaphosphoric acid. Read in the colorimeter against 
the blank. 

In the unknown tube place 4 cc. of indophenol-acetate solution and 
4 cc. of the metaphosphoric acid filtrate. Mix at once and read in color- 
imeter at thirty seconds. 

3. Calculations.— The concentration of ascorbic acid in mg. per 100 cc. 

of plasma equals K (log G t ’ ' 

reading of the unknown, Gb ... 

solution containing no ascorbi 

ing known amounts of ascorbic acid in the colorimeter after treatment as 
in the procedure above. For the Evelyn instrument the value for K is 8.C. 

Note.— The Strength of the indophenol-acetate solution plus meta- 
phosphoric acid must be such that the reading of the galvanometer will 
be between 50 to 55. The proper filter to be used in the colorimeter is 
one transmitting wave length 520 m/i and the value for K given above is 
for use with this filter. The reading of the sample must be less than that 
of the blank, otherwise all of the dye has been reduced by the sample. 
The amount of dye is sufficient to take care of a concentration of 2.5 mg. 
of ascorbic acid per 100 cc. of plasma. Analysis should be started within 
one hour from the time the sample was taken, otherwise decomposition will 
occur. 
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QUANTITATIVE CHEMICAL ANALYSIS OF THE 
CEREBROSPINAL FLUID 

In general, the methods used for the chemical analysis of blood may be 
applied with necessary modifications to the analysis of cerebrospinal fluid. 
Only those procedures most frequently done are considered here. All 
specimens for chemical examination must be free of blood if results are 
to be of value. 

1. Determination of Sugar (Folin-Wu, Modified).— 1. Reagents.— The 
reagents are the same as those required for a blood sugar determination, 
page 207. 

2. Procedure.— To 1 cc. of cerebrospinal fluid add 3 cc. of distilled water, 

0.5 cc. of sodium tungstate and 0.5 cc. of 0.G6 N sulfuric acid. Allow to 
stand for ten minutes, and then filter. 

The test is completed as for the blood sugar, page 208. 

3. Calculation.— When the lower standard is used, the reading of the 
standard, usually 20 mm., multiplied by 50 and divided by the reading of 
the unknown equals mg. sugar per 100 cc. of spinal fluid. When the higher 
standard is used substitute 100 for 50 in the above. 

II. Determination of Chlorides.— 1. Reagents.— The same as those used 
in blood chloride determinations. 

2. Procedure.— A protein-free filtrate of cerebrospinal fluid is prepared 
in the same manner as in the determination of sugar. Transfer 2 cc. of 
this filtrate to a porcelain evaporating dish, add 3 cc. of water and titrate 
in the same manner as for blood chlorides. 

3. Calculation.— The titer times 125 equals mg. of chlorides, as sodium 
chloride, per 100 cc. of cerebrospinal fluid. 

III. Determination of Protein.— A. Colorimetric Method (Johnston and 
Gibson).— This method is based upon the tyrosine content of the protein. 
The color developed by the reaction of the tyrosine of the protein with 
Folin's phenol reagent is compared with that of a standard tyrosine solu- 
tion treated in the same manner. 

1. Reagents.— (a) Trichloracetic Acid, 20 per cent. 

(6) Sodium Hydroxide, 10 per cent. 

(c) Folin's Phenol Rea gent.— Transfer 100 gm. of sodium tungstate and 
25 gm. of sodium molybdate together with 700 cc. of water to a 1500-cc. 
Florence flask. Add 50 cc. of 85 per cent phosphoric acid and 100 cc. of 
concentrated hydrochloric acid. Connect with a reflux condenser by 
means of a cork stopper wrapped in tinfoil. Boil gently for two hours. 
At the end of this period, cool, transfer to a liter volumetric flask and dilute 
to the mark with distilled water. Store in glass-stoppered bottles. 

(d) Tyrosine Standard Solution.— Dissolve 200 mg. of pure dry tyrosine 
in 1 liter of 0.1 N HC1. 

(e) Sodium Carbonate, 25 per cent. 

(/) Lithiim Sulfate, 2 per cent solution. 

2. Procedure.— To 2 cc. of spinal fluid in a 15-cc. centrifuge tube, add 
3 cc. of distilled water and 1 cc. of 20 per cent trichloracetic acid. Mix by 
twirling. Allow to stand two to three hours, or o\ ernight for flocculation 
and then centrifugal ize at high speed for three minutes. Pour off the super- 
natant fluid and drain. Add 0.25 cc. of 10 per cent XaOH and heat in a 
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boiling water bath for ten minutes. Add 3 cc. of 2 per cent lithium sulfate, 
0 5 cc. of the phenol reagent, 1.5 cc. of 25 per cent Na 4 CO», and dilute to 
the 6-cc. mark with distilled water. Mix by inversion, allow to stand ten 
minutes for color development, and compare with the nearest standard 
with the standard set at 10 mm. 

Three standards should be prepared as follows: 

No. 1 — 0.5 cc. of standard tyrosine, 6 cc. of 2 per cent lithium sulfate, 
1 cc. of phenol reagent, 3 cc. of 25 per cent NajCCh, water to 
12 cc. 

No. 2—1 cc. of tyrosine standard, G cc. of 2 per cent lithium sulfate, 
1 cc. of phenol reagent, 3 cc. of 25 per cent Na 2 COj, water to 
12 cc. 

No. 3—2 cc. of tyrosine standard, G cc. of 2 per cent lithium sulfate, 
1 cc. of phenol reagent, 3 cc. of 25 per cent Na 2 COj. 

3. Calculation.— With the standard set to read 10 mm. the factors for 
the different standards are as follows: 

No. 1—285 divided by the reading of the unknown equals mg. protein 
per 100 cc. spinal fluid. ' 

No. 2—570 divided by the reading of the unknown equals mg. protein 
per 100 cc. spinal fluid. 

No. 3—1140 divided by reading of unknown equals mg. protein per 
100 cc. spinal fluid. 

13. Turbidimetric Method (Denis and Ayer, Modified).— If a photo- 
electric colorimeter is available the measurement of the turbidity produced 
when sulfosalicj lie acid is added to spinal fluid is the simplest and most 
rapid method for the quantitative measurement of the protein content. 
The method is sufficiently accurate for clinical use. 

1. Reagents.— (a) Sulfosalicylic Acid, 3 per cent solution. 

(6) Sodium Chloride, 0.85 per cent (physiological saline). 

2. Procedure— Into a test tube pipet exactly 1 cc. of cerebrospinal fluid. 
The fluid should be clear and free from any trace of blood. Add 4 cc. of 
3 per cent sulfosalicylic acid. Mix contents thoroughly by shaking. Allow 
to stand ten minutes, again mix by shaking and read in a photoelectric 
colorimeter using a filter that will give a wave length of approximately 
420 m/i.- The 100 per cent setting of the colorimeter is obtained against a 
blank consisting of 1 cc. of distilled water plus 4 cc. of the sulfosalicylic 
acid solution. The value of the unknown is obtained by reference to a 
calibration curve prepared as described below. 

3. Preparation of the Calibration Curve.— Obtain a sample of normal 
human serum. The sample should be taken before breakfast and be clear 
and free from excess fat. Determine the protein content of this serum 
by a micro- or macro-Kjeldahl method. Prepare a series of about 10 dilu- 
tions of this serum, using 085 per cent NaCI for the diluting fluid. The 
dilutions are so prepared that the protein content varies from 10 mg. per 
100 cc. to about 100 mg. per 100 cc. To the diluted serums, using I cc. 
of each, add 4 cc. of the sulfosalicylic acid solution and read in the photo- 
electric colorimeter in the same manner as for the cerebrospinal fluid. 
Plot the readings on graph paper against the known protein values of the 
serum dilutions. 

Notes ox Method.— The total amount of fluid available for measure- 
ment is 5 ce. Should the cuvets of the colorimeter require more than this 
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the quantities may be doubled, that is 2 cc. of cerebrospinal fluid plus 8 cc. 
of the sulfosalicylic acid solution. 

If the concentration of the fluid exceeds 100 mg. protein per 100 cc. 
the sample should be diluted and the value obtained multiplied by the 
dilution factor. 

Any blue filter is satisfactory for the photoelectric measurements. The 
shorter wave lengths such as 420 mu will give greater sensitivity than 
longer wave lengths. 

IV. Determination of Sulfonamides.— Sulfonamides are determined in 
exactly the same manner as described for the blood, page 219. No cor- 
rection, however, for loss occurring as a result of the precipitation of the 
proteins is required with spinal fluid. 

Table 25 —Normal Values of Cerebrospinal Fluid 
(All m mg- per 100 cc ) 

Normal Remarks 

40 to 70 Decreased m tuberculous meningitis and acute suppurative 
meningitis Increased in epidemic encephalitis and cer- 
tain forma of syphilis of the central nervous system. 

20 to 40 Normal values are affected to a large extent by method of 
analysis Methods based upon turbidity measurement 
may give normals up to 100. 

700 to 750 Serum protein dilution without chloride change reduces 
as NaCl spinal Quid chlorides. Dehydration raises the chloride 

content of spinal fluid Elevation of 6pinal fluid protein 
as in spinal tumors diminishes the chloride. 
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254 WATER, SEWAGE, AND INDUSTRIAL WASTES 

becomes fatigued. Tests should be made in a room free from interfercg 
odors. , 

I. Procedure.— (a) Cold Odor . —Shake the collecting bottle vigorously 
while it is one-half to two-thirds full of the sample of water at room tem- 
perature. Remove the stopper and note the odor at the mouth of tit 
bottle. Repeated shaking and smelling wilt reduce the odor of the samp.r 
and should be avoided. 

(f>) Hot Odor.— Place about 150 cc. of the sample in a 500-cc. Erlo 
meyer flask. Cover the mouth of the flask with a watch-glass and heat tc 
approximately 65° C. Agitate with a rotary motion, slip the cover to onf 
side, and quickly sniff the odor. 

II. Color.—The color of water is usually of vegetable origin, from deat 

leaves, roots, bark, etc. “Color” means the “true color,” or that due solely 
to the substances in solution. The “ 1 

modified by the matter in suspension. • . 

in water containing matter in suspen 0 

to remove suspended matter gives the best results. Filters cannot be used, 


(CoCU'6H 3 0), and dilute to 1 liter with distilled water. This solution con- 
tains 0.5 gm. of platinum and 0.25 gm. of cobalt, and has a color of 50 0_. 

Prepare standards by placing in 50-cc. Nesslcr tubes the following 
quantities of the standard color solution: 

Color 5 . 0 5 cc. 

Color 10 1 0 cc. 

Color 15 . . . i 5 cc. 

Color 20 2 0 cc. 


and so on up to color 70, filling each tube to the mark with distilled water- 
These standards keep well if protected against dust and evaporation.. 

2. Procedure.— Compare 50 cc. of the water under examination in a 

Nessler tube with these standards, viewing them vertically with reflected 
light over a white surface. Waters having a color greater than 70 must be 
diluted with distilled water and the color obtained multiplied by the dilu- 
tion. The Nessler tubes used must be of clear glass and equal in height at 
the 50-cc. mark. , , 

For field work, the glass disc apparatus of the U. S. Geological Survey 
may be used. , 

3. Results.— Report colors between 1 and 50 to the nearest unit; between 
51 and 100 to the nearest five; between 101 and 250 to the nearest ten; and 
between 251 and 500 to the nearest twenty. 

III. Turbidity.— The turbidity of water 13 due to suspended matter such 
as clay, silt,. ^ ■ . ' . . ' _ ’ ' i 

similar materi. ■ ■ . 

per inUhon^ garth' Method.— 1. Eeagents.— (a) Stock Suspension.— Add 
about 5 cm- of fuller's earth to 1 liter of distilled water, agitate inter- 
mittently for an hour and then allow to stand twenty-four horns. With- 
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draw the supernatant without disturbing the sediment. Determine the 
turbidity of this suspension, preferably with a Jackson candle turbidimeter. 
If this instrument is not available, the platinum wire method given under 
“B” may be used, but it is much less accurate. 

(6) Standards for Comparison .— Prepare standards for comparison from 
this stock suspension by dilution with distilled water. Standards of 0, 5, 
10, 15, and 20 parts per million are prepared in clear glass bottles of 1 liter 
capacity or greater, leaving enough free space in the bottle to allow adequate 
agitation. Standards of 20, 30, 40, 50, 60, 70, 80, 90, and 100 may be 
prepared in smaller bottles or 100-cc. Nessler tubes. These standards 
may be preserved by adding a small amount of mercuric chloride. 

2. Procedure.— Fill a clear glass bottle of the same size and shape as 
those holding the standards with the specimen or place 100 cc. in a 100-cc. 
Nessler tube, as the case requires. Shake the specimen and standards 
thoroughly, and view sidewise toward the light, looking directly at some 
object and noting the distinctness of its outline. The standard with which 
the sample compares represents the degree of turbidity. 

3. Expression of Results.— Turbidity results are expressed as follows: 


4. Coefficient of Fineness.— The quotient obtained by dividing the weight 
of the suspended matter in the sample by the turbidity, both expressed 
in the same unit (p.p.m.) gives the coefficient of fineness. When this 
quotient is greater than unity, the suspended matter is coarser, where less 
than unity, finer than are the particles of the standard. 

B. Platinum Wire Method.— Item No. 44650, Medical Department 
Supply Catalog, U. S. Army, is a device for the determination of both 
color and turbidity. The turbidity scale consists of a platinum ware 1 mm. 
in diameter inserted in a metallic rod. This is suspended in the water un i 
the platinum wire just disappears from view, and the depth of immersion 
read directly on the scale as turbidity in p.p.m. Although this me io is 
subject to quite a large error, it is well adapted for field determinations. 


CHEMICAL EXAMINATION OF WATER 
The sanitary chemical analysis of a water may sene many purposes, 
among which are the determination of its safety , palatabili y, an 6 en ^ 
suitability for domestic use, the tracing of the past history of the water, 
the supervision of measures directed toward its purification, and the deter- 
mination of its suitability for various industrial uses. Many of the sub- 
stances for which tests are made are not themselves objectionable, but 
are indicative of unsatisfactory or dangerous conditions. 

The following determinations are usually made: 

Ammonia nitrogen Alkalinity 

Nitrite nitrogen pH value 

Nitrate nitrogen Hardness 

Chlorides Minerals as requested 

Chlorine Delved oxygen 

Carbon dioxide Solids, total, volatile and fixed 
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In addition search must occasionally be made for toxic substances such a3 
the heavy metals, phenol, fluorides, and possibly chemical warfare agents. 

The nitrogen determinations measure the successive steps of organic 
decomposition and inorganic oxidation. The conversion of nitrogen from 
the organic to the inorganic or mineral state is known as nitrification, and 
is brought about by the so-called nitrifying bacteria. The first step in the 
decomposition of organic matter produces nitrogen in the form of ammonia. 
The next step is oxidation to nitrite and the final step, oxidation of the 
nitrite to nitrate. 

I. Ammonia Nitrogen.— Free ammonia is recovered quantitatively when 
the water is distilled at a pH of 7.4. This pH value is maintained by the 
addition of a buffer. Direct nesslerization is used for waters high in ammonia 
and for sewages. 

1. Apparatus.— Distillation is carried on in a glass flask with a vertical 
condenser arranged so that the distillate drops directly into the receiving 
vessel. Kessler tubes of clear colorless glass with polished bottoms and 
graduated to contain 50 cc. are used to collect the distillate. The gradua- 
tion marks on the tubes should be 20 to 25 cm. from the bottom; in a 
matched set, the marks on all tubes should agree within a range of 6 mm. 

2. Beagents.— (a) Ammonia-free Water .— Add about 0.3 gm. per liter of 
anhydrous sodium, carbonate to distilled water, and redistil until the dis- 
tillate is free from ammonia. Cool and place the water remaining in the 
flask in a glass-stoppered bottle previously rinsed with ammonia-free water. 
It may also be prepared by redistilling distilled water containing 10 cc. of 
concentrated sulfuric acid per liter, and collecting the distillate. 

(6) Nessler Reagent .— Dissolve 50 gm. of potassium iodide in about 
35 cc. of cold ammonia-free water. Add, with constant stirring, a saturated 
solution of mercuric chloride until a slight precipitate persists. Add 400 cC- 
of 9 N sodium or potassium hydroxide, clarified by sedimentation. Dilute 
to 1 liter, allow to clarify, and decant- The reagent should give the char- 
acteristic color with ammonia within five minutes, and should not produce 
a precipitate with small amounts of ammonia within two hours. 

(c) Standard Ammonium Chloride Solution . — Dissolve 3.818 gm. of 
ammonium chloride in distilled water and dilute to 1 liter. 

(d) Phosphate Buffer Solution, 0.5 M. — Dissolve 14.3 gm. of monobasic 
potassium phosphate (KHiPO«) and 90.15 gm. of dibasic potassium phos- 
phate (KjHPO«'3HjO) in sufficient distilled water to make 1 liter of solu- 
tion. 

3. Preparation o! Permanent Standards.— (a) Reagents.— (1) Potassium 
chloroplatinate solution: Dissolve 2 gm. of the salt in a small volume of 
distilled water, add 100 cc. of concentrated hydrochloric acid and dilute 
to 1 liter with distilled water. 

(2) Cobaltou3 chloride solution: Dissolve 12 gm. of the dry crystals 
(CoC1j'6HjO) in a small volume of distilled water, add 100 cc. of con- 
centrated hydrochloric acid and dilute to 1 liter with distilled water. 

(5) Preparation of Standards .— Measure into 50-cc. Kessler tubes the 
appropriate volume of the solutions just described as shown in Table 27; 
dilute to the mark, and mix. 

The values given in the table are approximate only; the actual equiva- 
lents of standards so prepared will differ with the quality of the Kessler 
reagent and the color sensitivity of the observer’s eye. They should be 
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compared with nesslerized ammonia standards and the tints modified as 
necessary. Such comparison should be made for each newly prepared 
Nessler solution and checked by each individual using the standards. 


Table 27. — Permanent Standabpb fob Ammonia Nitrogen 


V»lue m 

ammonia 

nitrogen, 

0 000 
0 001 
0 002 
0 004 
0 007 


Volume of 

platin', mi 

solution, 

1 2 
1 8 
2 8 
4 7 
5.9 


Yolurae^of 

solution, 

0 0 
0 0 
0 0 
0.1 
0 2 


0 010 7.7 0 6 
0 OH 9 9 11 
0 017 11 4 17 
0.020 12.7 2 2 
0 025 15 0 33 

0 030 17 3 45 
0 035 19 0 5 7 
0 040 19 7 7 1 
0 045 19 9 8 7 
0 050 20 0 10 4 


0 0C0 20 0 15 0 

0 070 20 0 22 0 


4. Procedure.— Free the apparatus from ammonia by placing in it about 
500 cc. of distilled water, and boiling until the distillate shows no trace of 
ammonia. Empty the flask and place in it 500 cc. of the sample or a smaller 
measured volume diluted to 500 cc. with ammonia-free water. Add 10 cc. 
of phosphate buffer solution and distil at a rate of not more than 10 cc. 
nor less than 6 cc. per minute. Collect the distillate in 50-cc. Nessler tubes, 
filling each to its mark, until four portions are collected; if the nitrogen is 
high, the distillate may be collected in a 200-cc. volumetric flask. 

Prepare a series of 16 Nessler tubes containing respectively 0.0, 0.1, 0.3, 
0.5, 0.7, 1.0, 1.4, 1.7, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and G.O cc. of standard 
ammonium chloride solution, and dilute to the 50-cc. mark with ammonia- 
free water. These standards contain 0.01 mg. of nitrogen for each cc. of 
the standard solution. 

Nesslerize the standards and the four portions of distillate by adding 
1 cc. of Nessler solution to each tube. Allow the tubes to stand for ten 
minutes, and compare. The temperature of standards and prepared sample 
should be practically the same. Comparison may be made with the per- 
manent standards instead of those prepared from ammonium chloride. 
If the color in any of the portions is greater than that of the highest stand- 
ard, mix thoroughly, take an accurately measured fraction, and dilute to 
50 cc. in a Nessler tube with ammonia-free water. Make the color com- 
parison, and multiply the reading by the dilution made. 

5. Calculation of Results.— The sum of the readings for the four portions 
is equal to the number of mg. of ammonia nitrogen in the original volume 
of the sample distilled. 

1000 

Ppm NHi nitrogen - Mg. N1I» N in sample X volume of sample in cc. 

17 
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II. Albuminoid Nitrogen.— Albuminoid nitrogen is the nitrogen equiva- 
lent formed or liberated from the nitrogen substances in water by alkaline 
permanganate. The determination has been abandoned as obsolete by 
many laboratories. It is of value mainly where past records exist by which 
the results may be interpreted. For directions see Standard Methods of 
Water Analysis. 

III. Organic Nitrogen.— The Kjeldahl method of determining organic 
nitrogen effects the complete destruction of organic matter with conversion 
of all nitrogen to ammonia. 

1. Reagents.— (a) Sulfuric Acid , Concentrated, nitrogen-free. 

(6) Sodium or Potassium Sulfate, anhydrous. 

(c) Sodium Hydroxide, 10 per cent solution, ammonia-free. 

2. Procedure.— Boil 500 cc. of the sample in a Kjeldahl flask to remo\e 
ammonia; tills usually causes a loss of 200 cc. of the sample which may 
be collected for the determination of ammonia nitrogen. Add 5 cc. of the 
sulfuric acid and a small piece of ignited pumice. Mix by shaking. Digest 
under a hood until copious fumes of sulfuric acid are gi\en off and the 
liquid becomes colorless or a pale straw color. The digestion temperature 
may be raised by the addition of 5 gm. of anhydrous potassium or sodium 
sulfate. When digestion is complete, cool and dilute to about 300 cc. with 
ammonia-free water. Make alkaline with the sodium hydroxide solution, 
distil off the ammonia and collect and estimate it as directed under ammonia 
nitrogen, page 256. 

IV. Nitrite Nitrogen.— 1. Reagents.— (a) Sulfanilic Acid. —Dissolve 8 gm. 
of pure sulfanilic acid in a liter of approximately 5 N acetic acid (sp. 
gr. 1.041). 

(6) Alpha-naphthylamine Acetate.— Dissolve 5 gm. of solid alpha-naph- 
thylamine in a liter of 5 N acetic acid, and filter through washed absorbent 
cotton. This solution may be filtered periodically to remove decomposition 
products. 

(c) Sodium Nitrite Stock Solution .— Dry pure crystalline sodium nitrite 
in a desiccator overnight. Weigh out 0.493 gm. and dissolve in a liter of 
distilled water. 

(d) Standard Sodium Nitrite Solution.— Dilute 100 cc. of stock solution 
to 1 liter, then dilute 50 cc. of this dilution to 1 liter with sterilized nitrite- 

in a sterilized bottle. 

■ g. NOj. 

_ _ tassium or ammonium 

alum in a liter of distilled water. Precipitate the aluminum by adding 
ammonium hydroxide. Wash the precipitate by decantation until free of 
chloride, nitrite, and ammonia. 

( f ) Fuchsin Solution.— Contains 0.1 gm. of basic fuchsin per liter. 

2. Procedure.— Place 50 cc. (or a smaller amount diluted to 50 cc. )of 
the sample, decolorized if necessary with aluminum hydroxide, in a Nessler 
tube. Also prepare a series of Nessler tubes containing 0.0, 0.1, 0.2, 0.4, 
0.7, 1.0, 1.4, 1.7, 2.0 and 2.5 cc. of standard sodium nitrite solution diluted 
to 50 cc. Add to all tubes 1 cc. of sulfanilic acid and 1 cc. of alpha-naph- 
thylamine acetate. Mix thoroughly and allow to stand ten minutes but 
not over thirty minutes; compare the sample with the standards. 

Permanent standards of sufficient accuracy for waters high in nitrite 
and for sewage. may be prepared by matching the nitrite standards with 
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dilutions of the fuchsin solution. The standards should be kept in the dark 
and checked once a month. 

3. Calculation.— 


Ppm. nitrite N 


g Cc solution in standard 
0 ^ Volume of sample taken m cc. 


V. Nitrate Nitrogen.— Nitrate in waters is ordinarily reported in terms 
of the nitrogen equivalent, but in mineral analysis it is reported as NOj. 

A. Phenoldisulfonic Acid Method.— 1. Reagents.— (a) Phenoldisulfonic 
Acid .— Dissolve 25 gm. of pure white phenol in 150 cc. of pure concentrated 
sulfuric acid. Add 75 cc. of fuming sulfuric acid (15 per cent free SOj), stir 
well, and heat for two hours at about 100° C. 

(6) Potassium Hydroxide Solution .— Prepare an approximately 12 N 
solution, 10 cc of which will neutralize about 4 cc. of the phenoldisulfonic 
acid. 

(c) Standard Nitrate Solution .— Dissolve 0.721G gm. of pure recrystallized 
potassium nitrate in 1 liter of distilled water. Evaporate 60 cc. of this 
solution to dryness on the water bath. Moisten the residue quickly and 
thoroughly with 2 cc. of phenoldisulfonic acid, and rub with a glass rod 
to insure intimate contact. Dilute to 500 cc.; this is the standard solution, 

1 cc. of which contains 0.01 mg. of nitrate nitrogen, or 0.04427 mg. of NOj. 

(d) Standard Silver Sulfate Solution .— Dissolve 4.397 gm. of silver 
sulfate, free from nitrate, in 1 liter of water; 1 cc. of this solution is equiva- 
lent to 1 mg. of chloride radicle. 

2. Procedure.— The alkalinity, chloride, nitrite, and color of the sample 
must first be determined. If the color is high, decolorize with aluminum 
hydroxide suspension. Measure into an evaporating dish 100 cc. of the 
sample, or such a volume as will g’ '.*■*" 

Add sufficient 0.02 N sulfuric acid . ..... 

if the chloride content is above 30 p _ w . . , . . 

to precipitate all but about 0.1 mg. of chloride. Add a little aluminum 
hydroxide, stir thoroughly, allow to stand for a few minutes, filter, and 
wash with distilled water. Evaporate the filtrate and w ashings to dryness, 
and add 2 cc. of phenoldisulfonic acid, rubbing with a glass rod to insure 
intimate contact. If the residue becomes packed or appears v itreous, heat 
the dish on the water bath for a few minutes. Dilute the mixture with dis- 
tilled water and add the potassium hydroxide slowly until the maximum 
yellow color is developed. Transfer the solution to a Xcsslcr tube, filtering 
if necessary’ and dilute to the mark. Compare with standards made by 
adding 2 cc. of the potassium hydroxide to measured volumes of standard 
nitrate solution and diluting to 50 ec. in Nesslcr tubes. The following 
values of standard nitrate solution arc suggested: 0.1, 0.3, 0.5, 0-7, 1.0, 

3, 5, 10, 20, 30, 40 and 50 cc. These standards may' be kept for several 
weeks without deterioration. 

If the color of the unknown is more brown than that of the standards 
it may be clarified by activated carbon as directed on page 2t>0. 

3. Calculation o! Results.— 


Cc. ot tuxuiaid ruttt ta fculuUon 
Ppm n.trttc .V - 20 X Volume ot UVcn. in ec 


B. Reduction Method.— I . Reagents.— (a) Sodium or Potassium Hy- 
droxide.— Dissoh c 250 gin. in 1250 cc. of distilled w atcr. Add sc\ ctal strips 
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of aluminum foil and allow the evolution of hydrogen to continue over- 
night. Concentrate to 1 liter by boiling. 

(&) Aluminum Foil . — Use strips of pure aluminum about 10 cm. long, 
C mm. wide, and 0.33 mm. thick. 

2. Procedure.— To 100 cc. or less of the sample in a 300-cc. casserole 
add 2 cc. of hydroxide solution and concentrate by boiling to about 20 cc. 
Place the liquid in a test tube (reduction tube) about 16 cm. long and 3 cm. 
in diameter. Rinse the casserole and add the rinsings to the tube until the 
volume is about 75 cc. Add a strip of aluminum foil, and close the tube 
with a rubber stopper equipped with a trap consisting of a U-shaped glass 
tube of 5 mm. diameter, having one arm flush with the lower side of the 
stopper, and the other arm extending below the surface of distilled water 
in another test tube. 

Allow the action to proceed for at least four houfs, preferably overnight. 
Dilute the contents of the tube with 250 cc. of ammonia-free water in a 
distilling flask, distil, and collect the distillate in a 200-cc. flask. Nesslerize 
an aliquot part, and compare with ammonia standards. 

If the supernatant liquid in the reduction tube is clear and colorless, it 
may be diluted to a definite volume and an aliquot part nesslerized without 
distillation. 

VI. Oxygen Consumed.— This determination is seldom made on waters. 
For directions, see the section on Sewage, Effluents, etc. 

VII. Residue on Evaporation.— Total residue on evaporation, or total 
solids, includes suspended and dissolved solids. It is a rough index of the 
relative quantities of inorganic and organic solids. The loss in weight on 
ignition of such a residue represents the amount of organic and volatile 
material; the weight after ignition represents the inorganic matter. 

1. Total Residue.— Ignite and weigh a dean platinum or silica dish and 
add 100 cc. of the thoroughly shaken sample. Evaporate to dryness on 
a water or steam bath and dry the residue for one hour at 103° C. Cool in 
a desiccator and weigh. The increase in weight equals the total solids. 

1000 

P p JO. to til solids - Mg. m crease m weight X Cc. of sample 

2. Dissolved Solids.— Proceed as above using a filtered sample. 

3. Fixed Residue and Loss on Ignition.— Ignite the residue in the dish at 
a low red heat, noting color diange and production of odor. If great 
accuracy is desired the ignition should be conducted in an electric muffle 
furnace at 600° C. Allow the dish to cool, moisten the residue with dis- 
tilled water, dry at 103° C. and weigh. 

VIII. Suspended Matter.— 1. Reagent.— (a) Asbestos Fiber Cream.— 
Prepare a dilute cream of asbestos fiber which has been finely shredded, 
thoroughly ignited, treated with strong hydrochloric acid for at least 
twelve hours and washed with distilled water until free from acid. 

2. Procedure. — Prepare a mat of the asbestos fiber 2 mm. thick in a 
Gooch crucible. Dry in an oven at 103° C., cool and weigh. Filter 1 liter 
of samples having a turbidity less than 50 p.p.m.; for samples having a 
higher turbidity filter enough to obtain 50 to 100 mg. of suspended matter. 
Dry for one hour at 103° C., cool in a desiccator and weigh. 

1000 


P pm. suspended solids — Weight in mg. X 


Cc.of sample taken 
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Suspended matter may be also calculated from the difference between 
total solids in filtered and unfiltered samples. The loss on ignition due to 
suspended matter may be computed from the difference in ignition Joss 
on filtered and unfiltered samples, or determined directly, using an ignited 
Gooch crucible. 

IX. Hardness. — Water which requires an excessive amount of soap to 
form a lather, or forms much incrustation on vessels in which it stands or 
is heated is called “hard water/' Calcium and magnesium, and iron and 
aluminum to a less extent, are responsible for these effects. 

Hardness, like alkalinity, is expressed in terms of calcium carbonate. 
The calcium carbonate equivalent of the calcium and magnesium content, 
sometimes with that of iron and aluminum, is a measure of the total hard- 
ness of a water. The soap and soda reagent methods are approximate 
methods; ordinary quantitative methods have greater potential accuracy 
When the total hardness is greater than the carbonate and bicarbonate 
alkalinity, the amount of hardness equivalent to the alkalinity is called 
the carbonate hardness and the amount of hardness in excess of this is 
called the non-carbonate hardness. When the total hardness is equal to 
or less than the sum of the bicarbonate and carbonate alkalinity the total 
hardness is all carbonate hardness. 

A. Total Hardness by Calculation.— The most accurate method of deter- 
mining total hardness is by computing it from the results of calcium and 
magnesium determinations. Iron and other metals must be included in tbe 
calculation if present in any quantity. Total hardness as CaCOj equals 
2.495 Ca plus 4.115 Mg. 

B. Total Hardness by the Soap Method.— 1. Reagents.— (a) Standard 
Calcium Chloride Solution.— Dissolve 0.5 gm. of pure calcite (calcium car- 
bonate) with a little dilute hydrochloric acid, being careful to avoid loss 
by spattering. Wash down with carbon dioxide-free distilled water and 
neutralize with ammonium hydroxide to slight alkalinity using litmus as 
an indicator. Make up to 500 cc. with carbon dioxide-free distilled water 
and store in a glass-stoppered bottle. One cc. of this solution is equivalent 
to 1 mg. of calcium carbonate. 

(6) Standard Soap Solution.— Make up a stock solution by shaking 
vigorously about 100 gm. of pure powdered castile soap in 1 liter of 80 per 
cent ethyl alcohol. Let this solution stand at least overnight and decant. 
This stock solution is nine to ten times as strong as the dilute standard 
soap solution. Titrate against the standard calcium chloride solution and 
dilute with SO per cent ethyl alcohol until 1 cc. of the resulting solution is 
equivalent to 1 cc. of the standard calcium chloride solution, making a 
due allowance for a lather factor which is the amount of standard soap 
solution required to produce a permanent lather in 50 cc. of distilled water. 
The lather factor should be calculated from a minimum of 5 determina- 
tions. It will vary usually from 0.5 to 1.4 cc. with different soaps. Carbon 
dioxide-free water should be used for lather factor determinations and for 
standardization of the solution. One cc. of this solution after subtracting 
the lather factor is equivalent to 1 mg. of calcium carbonate. 

(c) Sulfuric Acid, 0.02 N. 

(</) Sodium Carbonate, 0.02 N. 

(e) Phenolphthalein Indicator. 

(/) Methyl Orange Indicator . 
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2. Procedure.— Measure 50 cc. of the sample into a 250-cc. bottle. Add 
the standard soap solution from a buret, in small amounts at a time, 
shaking vigorously after each addition, until a strong permanent lather is 
obtained which will stand for at least five minutes. It is usually satisfactory 
to add amounts equal to the lather factor as the first additions, and then, 
as the end point is approached to add 0.1 cc. portions. Any false end point 
should be noted and recorded as this is the dividing line between the calcium 
and magnesium salts. Acid waters should first be rendered neutral to 
methyl orange by addition of 0 02 X sodium carbonate. Samples con- 
taining appreciable amounts of free carbon dioxide should be neutralized 
to faint pink with 0.02 N sodium carbonate before testing. If the hardness 
test requires more than 7 cc. of soap solution, it is best to take an aliquot 
part and dilute to 50 cc. with carbon dioxide-free water. After deduction 
of the lather factor, multiply accordingly to obtain the correct result. 

3. Calculation.— The final buret reading, after deducting the lather 
factor, multiplied by 20 gives the total hardness as calcium carbonate in 
p.p.m. The difference betw cen the false end point and the true total hard- 
ness indicates the amount of magnesium salts, the balance being calcium 
salts, all, when multiplied by 20, expressed as p p.m. of calcium carbonate. 

To avoid mistakes in the false or magnesium end point read the buret 
after the ■ . ' l * * ■ • i 

of soap so • 

will disap,. ' . . i 

sists for less than five minutes. 

C. Non-carbonate Hardness by the Soda Reagent Method.— The soda 
reagent methods for non-carbonate and total hardness may be used in 
place of the soap method for the harder waters. 

1. Reagents.— (a) Soda Reagent.— Dissolve 2 gm. of sodium hydroxide 
and 2.65 gm. of anhydrous sodium carbonate in distilled water and make 
up to 1 liter. This solution is approximately 0.1 N. 

2. Procedure.— Measure 200 cc. of the sample into a 500-cc. pyrex 

Erlenmeyer flask, and 200 cc. of distilled w ater into a similar flask. Treat 
the contents of each flask in the following manner: Boil fifteen minutes 
to expel free carbon dioxide, then add 25 cc. of soda reagent and again 
boil for ten minutes. 1 : - 

to the mark with boil . . 

and titrate 50 cc. of e: . . * • 

of methyl orange. 

3. Calculation. — The non-carbonate hardness in p.p.m. of calcium car- 
bonate is equal to twenty times the difference betw een the number of cc. 
of sulfuric acid required for the soda reagent in distilled water and the 
number required for the soda reagent in the sample. 

Water containing bicarbonate and carbonate in excess of calcium and 
magnesium requires a larger amount of acid to neutralize the sample after 
it has been treated than is required to neutralize the amount of soda 
reagent originally added. 

D. Total Hardness by the Soda Reagent Method.— Add standard sul- 
furic acid to 200 cc. of the sample until the alkalinity is neutralized. Then 
apply the non-carbonate hardness method. This gives fairly satisfactory 
results for total hardness of hard waters. 


x 
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X. A lkali nity.— The alkalinity of a natural water represents its content 
of carbonates, bicarbonates, hydroxides and, occasionally, borates, silicates 
and phosphates. It is determined by titration with a standard solution of 
a strong acid to certain end points or hydrogen ion concentration. Indica- 
tors are selected which show definite color changes at these points. 

Dilute bicarbonate solutions have a pH of about 8 and dilute carbonic 
acid solutions, a pH of about 4. The amount of standard acid required to 
bring the water to pH 8 measures approximately the hydroxide alkalinity 
plus one-half the normal carbonate alkalinity, and the amount required to 
bring it to pH 4 corresponds to the total alkalinity. 

Phenolphthalein, cresolphthalein, or thymolsulfonphthalein are satis- 


in place of titration with indicators. 

1. Reagents.— (o) Sulfuric Acid —0.02 N solution. Prepare and stand- 
ardize a stock solution of 1 N sulfuric acid. Make the 0.02 N acid from 
tliis by dilution. The stock solution keeps indefinitely in a glass bottle. 

(l>) Phenolphthalein Indicator.— Dissolve 5 gm. of a good quality phenol- 
phthalein in 1 liter of 50 per cent alcohol. Neutralize with 0.02 N sodium 
hydroxide. The alcohol should be diluted with boiled distilled water. 

(c) Methyl Orange Indicator.— Dissolve 0.5 gm. of a good grade of 
methyl orange in 1 liter of distilled water. Keep the solution in the dark. 

(d) Erythrosine Indicator.— Dissolve 0.1 gm. of erythrosine (the sodium 
■•salt) in 1 liter of freshly boiled distilled water. 

2. Procedure.— ( q) With Phenolphthalein.— Add 4 drops of the indicator 
to 50 or 100 cc. of the sample in a white porcelain casserole or an evaporating 
dish, or in a glass flask over a white surface. If the solution becomes colored, 
hydroxide or normal carbonate is present. Add 0.02 N sulfuric acid from 
a buret until the coloration disappears. 

The phenolphthalein alkalinity in p.p.m. of calcium carbonate is equal 
to Uie number of cc. of 0.02 N sulfuric acid used multiplied by 20 if 50 cc. 
of the sample were used, or by 10 if 100 cc. were used. The procedure with 
cresolphthalein and thyinolsulphonphthalem is the s.une. 

(b) With Methyl Orange.— Add 2 drops of methyl orange indicator to 
50 or 100 cc. of the sample, or to the solution used for the phenolphthalein 
alkalinity. If the solution becomes yellow, hydroxide, normal carbonate 
or bicarbonate is present. Add 0.02 N sulfuric acid until the faintest pink 
coloration appears. This end point is readied when the color of the solu- 
tion is no longer pure yellow. A good procedure is to titrate a blank of 
50 or 100 cc. of distilled water containing 2 drops of methyl orange to a 
readily recognizable pink, noting the cc. of acid required. All samples are 
then titrated to this color and the cc. of acid used in the blank deducted 
from the result. 

The methyl orange alkalinity in p.p.m. of calcium carbonate is equal to 

used multiplied by 20 if 
■ -ere used. 'Hie procedure 
t : with mcth>l orange. 

(c) With Erythrosine. —When nieUijI orange is objectionable, measure 
100 cc. of the sample into a 250-ce. glass-atuppend bottle of colorless glass, 
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add 2.5 cc. of erythrosine indicator and 5 cc. of chloroform which is neutral 
to erythrosine. Run in the 0.02 N acid a few drops at a time, shaking the 
bottle vigorously between each addition. The rose color should slowly 
disappear until a white paper held back of the bottle fails to reveal a trace 
of pink in the liquid above the chloroform. 

The calculation is the same as that for methyl orange. 

3. Expression of Results.— Results arc to be expressed as phenolphthalein 
alkalinity, methyl orange alkalinity, etc., in p.p.m. of calcium carbonate. 

Ppm alkalinity as CaCOi ■» Cc, 0 02 N acid used X iTi . >0 °° , 

> olumo of sample. in cc. 

The alkalinity may be calculated in terms of the amounts of bicarbonate, 
normal carbonate, and hydroxide, expressed as calcium carbonate, from 
the figures given in Table 28. 


Table 2S.— Relations Between Alkalinity to Piienolfutualein and That to Methyl 
Orange in the Presence or ITidroxide, Carbonate and Bicarbonate 
fund of »!lalinity m CaCOi 


T 

P 


Rciult of LUaUoq 


Hydroxide 


2P 


2P-T 


2P 


P < IT . 

P - iT . 

P > IT . 

P - T T 0 

— Total alkalinity to methy 1 orange or auxubr indicator. 
«■ Alkalinity to phenolphthalein or similar indicator. 


Dic&ibonate 


T 

T-2P 

0 

0 

0 


However, values derived from this table are likely to be quite inaccurate* 
especially when the total alkalinity is less than 100 p.p.m. The accurate 
calculation of the kinds and amounts of alkalinity present is very com- 
plicated and is unnecessary for most purposes. For directions, see Public 
Health Reports for January 15, 1943, or Journal of the American Water, 
Works Association, Vol. 31, p. 51, 1939. 

XI. Acidity.— Waters may have an acid reaction because of the presence 
of free carbon dioxide, mineral acids or some of their salts, and especially 
the salts of iron and aluminum which hydrolyze to free hydrogen ion. It 
is determined by titration with a standard solution of a strong alkali to 
certain arbitrary standard points or hydrogen ion concentrations. Indi- 
cators are selected which show definite color changes at these points. 

Calculation of free carbon dioxide, mineral acids and sulfates of iron 
and aluminum from titration results is often very difficult. Definite rules, 
covering all cases, cannot be given. _ 

1. Reagents.— (a) Sodium Hydroxide, NJ4A or N/50.— Prepare a saturated 
solution of sodium hydroxide, and allow to stand in a stoppered pyrex 
flask until the sodium carbonate settles out. The supernatant liquid will 
be about 20 N. . . ■ • carbon 

dioxide-free wa . . ' benzoic 

acid dissolved ■ 0 alcohol, 

or against weighed portions of acid potassium phtlialate, or against the 
0.02 N sulfuric acid used in the alkalinity determination, if this is con- 
sidered sufficiently reliable. Conduct all titrations in such a manner as to 
prevent exposure of the sodium hydroxide solution to the carbon dioxide 
of the air. 
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(j ,£5“ st . the “ Iut > 0 u to tlie exact strength desired and preserve in con. 

/■ eSlSta 'i t 8 aS3 ’ P rotecte<i from the air bv soda-lime tubes 
hvdrnvf? r<il2e a r Ieast . once >” tw0 weeks. Either It' '( t or N/50 sodium 

results t^LcUyolcuktcd ** 

Kr® Mdhyl 0mns ° , - rfiMbr - Th - *» 

idphthalein 

. n evaporat- 

. ' ■ umhydrox- 

acidity in terms of p.p.m. of caiciiun carbonate is equal uTthe number of 
or h , 0 n U M iydr0Xlde soIution uscd multiplied by 20 if 50 cc. were used 
Z t • W £ , cc ‘ " ere used - In presence of aluminum sulfate and 
certain other salts of this nature, this determination is of little value as 
l* en< d J )01nt * s reached with extreme slowness or not at all. 

\ ) free Carbon Dioxide.— ~ Pour 100 cc. of the sample into a tall narrow 
esse , preferably a Nessler tube. Add 10 drops of phenolphthalein indi- 
or and titrate rapidly with the N/44 sodium hydroxide solution, stirring 
gently until a faint but permanent pink color is produced. The free carbon 
loxidein p.p.m. is equal to ten times the number of cc. of sodium hydroxide 
th* terms P-P- m . of calcium carbonate it is equal to 2.272 times 
r 118 “S ur e. Because of the ease with which free carbon dioxide escapes 
~er, particularly when present in large amounts, a special sample 
snoufd be collected for this determination and the determination should 
e made at the time and place of collection. When this is impracticable 
approximate results may be obtained with a water which does not contain 
too great a quantity of carbon dioxide by catching samples for this titration 
jh bottles completely filled with the specimen. Such bottled samples should 
e kept at temperatures below that at the time of collection until ready 
or examination. If mineral acids or certain salts are present appropriate 
corrections must be made. At best the results of this titration are uncertain 
ecause the proper end point for correct results differs in color with dif- 
erent types of water. The free C0 2 may be calculated from the pH value 
and tlie alkalinity by the formula: 


fllk. 4. (11+) _ lO" 1 * 

COj - 9.70 X 10>*(H + ) X SQ.OQO <5D 

1 4. 11 22 X IQ" 11 
Hi*) 

•n which CO t = p.p.m. of carbon dioxide as COi 
alk = p.p.m. total alkalinity as CaCOj 
(H+) = hydrogen ion concentration, moles per liter, obtained from 

the formula pH = log 

(c) Free Mineral Acids.— Add 2 drops of methyl orange indicator to 
50 or 100 cc. of the sample and titrate with 0.02 N sodium hydroxide until 
the pink coloration disappears. The acidity due to free mineral acids, 
expressed in term3 of calcium carbonate, is equal to tlie number of cc. of 
sodium hydroxide used multiplied by 20 if 50 cc. of tlie sample were used 
0r by 10 ijf loo cc. were used. 
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If appreciable amounts of ferric and aluminum salts are present the 
results of this procedure are too high. In such cases more accurate estima- 
tions can be made by subtracting the acidity due to these salts, calculated 
from the determi n ed amounts of these substances, from the acidity due to 
free mineral acids and sulfates of iron and aluminum as determined in the 
following procedure. 

(<0 Mineral Acids and Sul fa Us of Iron and Aluminum . — Modify the pro- 
cedure given above by titrating the sample at boiling temperature in the 
presence of phenolphthalein indicator. The calculation of results expressed 
in terms of calcium carbonate, is the same as above. 

XII. Hydrogen. Ion Concentration; pH Value.— The hydrogen ion con- 
centration is a measure of the intensity of the acid or alkaline properties 
of a water; the foregoing determinations of alkalinity and acidity measure 
the quantity’ of these properties. 

The hydrogen ion concentration may be expressed as moles of ionized 
hydrogen per liter, but it is more usual and convenient to use the pH value, 
which is the logarithm of the reciprocal of the hydrogen ion concentration. 

The pH value may be determined colorimetrically or electrometrically, 
the former method being best adapted for small laboratories and for field 
work, and the latter more accurate but requiring more delicate and expen- 
sive equipment. 

A. Colorimetric Method.—' This method involves the addition to the 
sample of an appropriate indicator, the color of which varies with the 
pH value. The color obtained is matched either against a set of buffer 
solutions of known pH value containing the indicator, or glass discs colored 
to correspond to the appropriate scale of pH values. The standards and 
reagents for this test are commonly' fumLhed ready for use, but may' be 
made up in the laboratory in accordance with the directions given in 
Standard Methods. The pH value may be determined to the nearest 0.1 
unit by the colorimetric method. 

B. Electrometric Method.— This involves placing the sample in contact 
with an electrode system the voltage of which varies with the pH of the 
medium, and measuring the voltage dev eloped by means of an accurate 
potentiometer. The electrode systems used include the hydrogen, antimony, 
quinhydrone, and glass electrodes, the latter being the most suitable for 
general laboratory use. The equipment is usually purchased as a unit, and 
detailed directions for its use are provided. The electrometric method is 
the basic method of pH determination, and standards for the colorimetric 
method should be checked electrometrically’. 

XIII . Chloride.— Chloride in water may be derived from mineral de- 
posits, from ocean vapors carried inland by the wind, or from polluting 
materials like sewage and industrial wastes. 

1. Reagents.— (a) Standard Sodium Chloride Solution. — Dissolve 16.49 
gm. of pure fused sodium chloride in distilled water and make up to 1 liter. 
Dilute 100 cc. of this stock solution to 1 liter. One cc. contains 1 mg. of 
chloride radicle. 

(b) Standard Silver Nitrate Solution.— Dissolve about 2.40 gm. of silver 
nitrate crystals in 1 liter of distilled water. Titrate against 3 to 10 cc. of 
the standard salt solution diluted to 50 cc. with distilled water, using the 
potassium chromate indicator as directed in the procedure. Correct for 
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fomST due t0 variations in *<= volume of the liquid by means of the 

, . , , . X - 0 003V + 0 02 

^™ ,ch X , is U ‘“ correction in cc. to be deducted from the v olume of silver 
nitate used, and V equals the total cc. of liquid in the mixture at the end 
. ■ 1 so that 1 cc. is exactly equivalent to 

—Dissolve 50 gin. of neutral potassium 
..j .. ' Add silver nitrate to produce a slight 

tea prccipUate aHow to stand a day or two, filter and dilute the filtrate 
to I filer with distilled water. 

( ) Aluminum Hydroxide.— Prepare as directed on page 25S. 

- Procedure.— (o) Preparation of the Sample .— If the sample has a color 
greater than 30, decolorize by shaking it thoroughly with washed aluminum 
y roxiue, 3 cc. to 500 cc. of the sample, and allow the precipitate to settle. 
ru a e , .i e determination on an aliquot portion of the clarified sample, 
nitered if necessary. 

Samples which are acid should be neutralized with sodium carbonate, 
f r0 u^ e lS P resei ? t neutralize with dilute sulfuric acid until the color 
0 the phenolphthalein indicator used is discharged in the cold. If the 
sample contains hydrogen sulfide, acidify with sulfuric acid, boil a few 
minutes, cool, neutralize with NaHC0 3 , and restore the original volume 
hy adding distilled water. 

, ” 1 l “ l waters high in chloride, use 25 cc. or even a smaller amount, diluting 
e volume taken to 50 cc. with distilled water. If the amount of chloride 
s very low, add a definite amount of standard chloride solution before 
itration, or concentrate 250 cc. of the sample to 50 cc. by evaporation. 
Kotate the liquid to make sure that no residue remains undissolved on the 
rod °* assistin 6 * n ^ l * s ^tion by using a rubber-tipped glass 

, $) Bratton.— Add 1 cc. of potassium chromate indicator to 50 cc. of 
“c prepared sample in a 150-mm. white porcelain evaporating dish or a 
r,:< , C ‘ Erlenineyer flask over a white surface. Titrate with the silver 


Panson of the color in the titrating vessel with that in a similar vessel 
containing the same quantity of indicator in 50 cc. of distilled water. Some 
analyst * ’ l in a dark room provided with a 

yellow ■ by daylight, the end point is very 

distinct ____ ___ , tographic glass. Plain Mazda lamps 

coated with several coats of “yellow dipping liquid” are excellent; most 
convenient, probably, is the use of dark amber goggles. 

3. Calculation.— Correct for volume as directed above. 

Corr ected cc. athcr nitrate solution 
Ppm. chloride — 500 X ~ Volume ot sample^ inec. 


Coring matter, and chlorates are examples of interfering substances, 
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which must be considered in evaluating results. As in all colorimetric 
determinations, turbidity interferes. 

The wide use of chlorine in the treatment of water has created the need 
for a reliable test for the presence of free chlorine. The most widely used 
indicator is ortlio-tolidine, which must not be confused with ortho-toluidine 
which is an entirely different chemical compound. 

1. Reagents.— (a) Ortho-tolidine Solution.— Weigh out 0.5 gm. of ortho- 
tolidine, and grind to a thin paste in a mortar with 5 cc. of dilute hydro- 
chloric acid, pre\iously made by adding 150 cc. of concentrated hydro- 
chloric acid (sp. gr. 1.18 to 1.19) to 350 cc. of distilled water. Add to the 
paste 150 to 200 cc. of distilled water. The ortho-tolidine should go into 
solution immediately. Transfer to a 1000-cc. graduate, and make up to 
505 cc. with distilled water. Add the balance of the dilute hydrochloric 
acid. This should make the final volume 1000 cc. 

(6) Sodium Hydroxide Solution, 4.5 N. 

(c) Jfagnmum. Sulfate Solution.— Dissolve 20 gm. of magnesium sulfate 
in 100 cc. of distilled water. If necessary, eliminate arty large chlorine 
demand in this and the preceding solution by treating to a slight residual 
with calcium or sodium hypochlorite solution. 

( d) Potassium Chromate- Bichromate Solutions.— (1) Weak.— Dissolve 
0.25 gin. of potassium dichromate and 0.75 gm. of potassium chromate in 
1 liter of distilled water. (2) Strong.— Dissolve the same quantities of 
potassium dichromate and chromate in 100 cc. of distilled water. 

(e) Doric Acid— Borax Duffer, pH G.5.— Dissolve 12.4 gm. of boric acid 
in distilled water and make up to 1 liter. This solution is approximately 
0.2 M and has a pH of about 4.6. Dissolve 3S gm. of borax (NajB«Oj) in 
distilled water and make up to 1 liter. This is 0.01 M and ha3 a pH of 
about 9.2. Add sufficient of the borax solution, usually about SO cc. to 
1 liter of the boric acid solution to produce a buffer solution of pH 6.3. 

2. Procedure.— Place 100 cc. of sample in a 100-cc. Ncssler tube, and 
warm to 20° C., if necessary’. Add 2 cc. of ortho-tolidine solution, mix, 
and place in the dark for not less than five or more than fifteen minutes. 

Small amounts of chlorine give a yellow', and larger amounts an orange 
color. For quantitative estimations, compare the color with that of the 
permanent standards given below. All tubes should match as to height of 
graduation mark. 

Interference by nitrites up to l p p.m. is av oided by this procedure. 

3. Permanent Standards.— Place in matched 100-cc. Nessler tubes, the 
volumes of dichromate-chromate solutions given in Table 29, and make up 
to 100-cc. mark with the boric acid-borax buffer. 

Table 2D —Chlorine Standards, Scott Formula 


Le 9 ca. LO. IUOD( 

Chlorine, dicbromete- Chlorine, dithrommte- 

p p.m. chromite p p-m. chromite 

0 01 0 4 0 50 2 6 

0 02 0 8 0 70 3 6 

0 03 .... 13 1 00 52 

0 05 . . 2 2 1 50 SO 

0 07 . 3 1 2 00 11 2 

0 10 4 4 3.00 IS 0 

0 15 ... .74 

O 20 . ... 10 0 

0 25 13 0 

0 30 . ... 16.0 

21.0 


0 40 
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If the water contains over 1 p.p.m. of iron or 0 01 p.p m. of manganic 
manganese, flocculate 200 cc. with 2 cc. of the magnesium sulfate solution 
and 2 cc. of 4.5 N sodium hydroxide, clarify by centrifugalizing, and follow 
the standard procedure. 

XV. Dissolved Oxygen.— Dissolved oxygen is determined by the Rideal- 
Stewart modification of the Winkler method on all polluted waters and 
those containing 0.1 p.p.m. or more of nitrite nitrogen. On other waters 
the original Winkler method should be used. As little as 1 p.p.m. of ferrous 


Winkler procedure the first three steps are omitted. The procedure out- 
lined should be followed from the addition of manganous sulfate except 
that the volume of alkaline potassium iodide added should be reduced 
to 1 cc, 

1. Reagents.— (a) Sulfuric Acid, Concentrated.— Specific gravity, 1.83 to 
1.84. 

(b) Potassium Permanganate.— Dissolve 6.32 gm. of the salt in distilled 
water and dilute the solution to 1 liter. 

(c) Potassium Oxalate (KiCiCh'HsO).— Dissolve 20 gm. in distilled water 
and dilute the solution to 1 liter. 

(d) Manganous Sulfate (MnSCV4H 2 0).— Dissolve 4S0 gm. in water and 
dilute to 1 liter. 

(e) Alkaline Potassium Iodide . — Dissolve 700 gm. of potassium hydroxide 
or 500 gm. of sodium hydroxide and 150 gm. of potassium iodide in water 
and dilute the solution to 1 liter. 

(/) Sodium Thiosulfate, 0.025 .*■ ■" " » 

chemically pure recrystallized so- ' ■ “ 

dilute the solution to 1 liter with „ .- ■ ■ _■ ■ ; r - 

Each cc. is equivalent to 0.2 mg. of oxygen or to 0.1395 cc of oxygen at 
0° C. and 760 mm. of pressure. Since this solution is not permanent it 
should be standardized occasionally against a 0.025 N solution of potassium 
dichromntc (1.225 gm. per liter). . . , 

. For the standardization about 5 gm. of potassium iodide arc dissolved 
«n about 50 cc. of distilled water in a glass-stoppered bottle, and 10 cc. ot 
dilute sulfuric acid (1 to 10) arc added, followed by 40 cc. of standard 
dichromate solution. The mixture is placed in the dark for five minutes, 
then diluted to about 400 cc. and titrated with the sodium thiosulfate in 
the same manner as in the dissolved oxygen procedure. . 

(5) Starch Solutwn.-Grind 5 gm. of potato starch in a mortar »iUi 
enough cold rioter to make a paste. Pour into I liter of boiling distilled 
Water, stir, and allorv to settle overnight. L sc the clear supernatant, pre- 
serving, if desired, with 1.25 gm. of salicjlicaenl per liter. 

2. Collection et Sample.-Collcct the sample in a narrow -necked glass- 
stoppeml bottle of MO to 270 ce. capacity. '1 he absorption or entrainment 
of atmospheric oxygen is avoided by filling the Imlllc through a glass or 
rubber tube extending well into the tap from » hje . the water » taken and 
to the bottom of the bottle. To avoid air bubbles allow the bottle jo 
overflow for several minutes, and then repla<-e the glass stopper carefully 
so that no air bubble is left. In collecting from a pond or tank connect the 
sample bottle to a Imttlc of 1 liter capacity. I rovnle each bottle with a 
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2-hole rubber stopper having one glass tube extending to the bottom and 
another tube entering but not projecting into the bottle. Connect the 
short tube of the sample bottle to the long tube of the liter bottle. Immerse 


of the sample bottle. Lower the tw o bottles in a weighted cage to the desired 
depth. Water entering during the descent will be flushed through into the 
liter bottle. When air bubbles cease rising to the surface raise the bottle 
and replace the perforated stopper with a solid one in such a manner as to 
avoid entraining bubbles of air. 

3. Procedure.— Remove the stopper from the sample bottle and add 
first 0.7 cc. of concentrated sulfuric acid and then 1 cc. of the potassium 
permanganate solution. These and all other reagents should be introduced 
by pipet under the surface of the liquid. Insert the stopper and mix by 
inverting the bottle several times. If a noticeable excess of potassium 
permanganate is not present at the end of twenty minutes again add 1 cc. 
of the permanganate solution; if this is still insufficient, use a stronger 
permanganate solution. After twenty minutes destroy the excess of per- 
manganate by adding 1 cc. of potassium oxalate solution, restopper the 
bottle at once and mix its contents. Add 1 cc. of the manganous sulfate 
solution and 3 cc. of the alkaline potassium iodide solution. Allow the 
precipitate to settle, then add 1 cc. of concentrated sulfuric acid and mix 

* by shaking. 

The procedure to this point must be carried out at the point of collection, 
but after the acid has been added and the stopper replaced there t3 no 
further change, and the rest of the test may be performed within a few 
hours, as convenient. 

Transfer 200 cc. of the contents of the bottle to a flask and titrate with 
0.025 N sodium thiosulfate, using a few cc. of the starch solution as an 
indicator toward the end of the titration. Do not add the starch solution 
until the color has become faint yellow. Titrate until the blue color dis- 
appears. 

4. Calculation of Results.— Oxygen is reported in p.p.m. by weight. It is 
sometimes convenient to know the number of cc. per liter, of the gas at 


sample are taken, the number of cc. of 0.025 N thiosulfate used is equal to 
p.pm. of oxygen. Corrections tor volume of reagents added amount to 
less than 3 per cent and are not necessary except in work of unusual pre- 
cision. To obtain the result in cc. per liter multiply the number of cc. of 
thiosulfate used by 0-698. To obtain the result in percentage of saturation, 
divide the p p.m. of dissolved oxygen found by the figure given in Table 30, 
for the appropriate temperature and chloride content. 

The last column of the table permits interpolation for intermediate 
chloride values. At elevations differing considerably from mean sea level 
attention must be given to barometric pressure, the normal pressure in the 
region being preferable to the specific pressure at the time of sampling- 
The term “saturation” refers to a condition of equilibrium between the 
solution and an oxygen pressure in the atmosphere corresponding to 158.8 
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„ 0r . approximately one-fifth atmosphere. The true saturation or 
equilibrium between the solution and pure oxygen is nearly five times this 
value, and consequently values in excess of 100 per cent saturation fre- 
quently occur in the presence of oxygen-forming plants. 

Tabus 30.— Soujdiuty or Oxtoen in Fresu Water *.nd in Sea Water 
or Stated Degrees or SaumtT at Various Temperatures When 
E xrosED to a.v .\r«o«rifERE Contaimno 20 9 Per Cent or Oxygen 
Under a Pressure or 760 .U« * 


O’ P m > Difference 

" 100 pVm 

15 000 SO 000 chloride 


Diviuli c<l oi> Ki o in parte per million 


0 . ... 

11 G> 

13 73 

12 97 

12 11 

11 32 

0 0165 

1 . . 

11 23 

13 41 

12 61 

11 8-> 

11 03 

0 0160 

2 . 

1.3 64 

13 05 

12 23 

11 52 

10 76 

0 0154 


1.3 IS 

12 72 

11 93 

11 21 

10 50 

0 0149 

4 . 

13 13 

12 41 

11 09 

10 97 

10 25 

0 0144 

S . . . . 

' 12 SO 

12 00 

11 39 

10 70 

10 01 

0 0)40 

6 

12 48 

11 70 

11 12 

10 15 

0 78 

0 0135 

7 . . 

12 17 

11 51 

10 85 

10 21 

9 57 

0 0130 

8 . 

i 11 ST 

11 21 

! io ci 

9 OS 

i 9 36 

0 0125 

9 

( 11 SO 

10 97 

! 10 30 

9 70 

i 9 17 

0 0121 

>P . 

1 11 33 

, 10 73 

• 10 13 

, 9 55 

8 93 

0 0118 

11 ... 

1 11 os 

1 10 49 

9 92 

9 35 

, 8 SO 

1 0 0114 

12 . 

10 83 

1 10.28 

9 72 

1 9 17 

8 02 

, 0 0110 

13 . . 

' 10 60 

1 10 05 

9 52 

8 9S 

8 46 

| 0 0107 

14 . 

, 10 37 

, 9 85 

9 32 

8 80 

8 30 

0 0104 

15 

I 10 15 

j 9 65 

9 14 

8 63 

8 14 

0 0100 

16 . 


1 9 46 

8 90 

8 47 

7.99 

0 0098 

17 


9 20 

8 78 

8 30 

7.84 

0 0095 

IS . 


9 07 

8 62 

S 15 

7.70 

0 0092 



8 89 

8 45 

S 00 

j 7 56 1 

0 0089 

20 . i 

0 17 ' 

8 73 | 

8 30 

7 80 

7 42 j 

0 0088 



S 57 

S 14 

7 71 

7 38 

0 0086 

2>» 


S 42 

7 99 

7.57 

7.14 

D £1084 



8 27 

7 85 

! 7 43 

7 00 

0 0083 



8 12 

7 71 

7 30 

6 87 1 

0 0083 

23 . 

8 38 ( 

7 96 

7 56 

7.15 

6 74 




7 81 

7 43 

7 02 

6 61 

0 0080 




7 28 

6 88 

6 49 

0 0079 

28 . I 

29 - j 

50 I 



7 14 

6 75 

6 37 

0 0078 

7 77 1 


7 00 

6 63 

6 25 1 


7 63 | 

7 25 

6 86 

6 49 

6 13 1 

O 0075 


* The solubility, B, under any other barometne pressure c 
from the ^spond.ng value in the table by the ionnula: 


n which S' = solubility at B or B', S = solu- 
B barometric pressure in mm . and B' = 
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such in parts per million and in inilli-equivalcnts. Milli-equivalents are 
calculated from the amount of any given ion in parts per million by dividing 
that value by the combining weight (element or radicle weight divided by 
the valence) of that element or radicle. 

Procedures for the determination of manganese, copper, lead, tin and 
zinc have not been given. If their determination is desired, refer to the 
latest edition of Standard Methods of Water Analysis. 

Dlssoh ed solids, alkalinity and acidity, chlorides and nitrates are deter- 
mined as outlined in the corresponding sections in Chemical Examination. 

1. Silica.— A. Gravimetric Method.— Evaporate in a platinum dish 100 
to 1000 cc. of the sample, or sufficient, if possible, to form a residue weighing 
0.4 to 0.G gm. and preferably containing 0.1 to 0.2 gm. of calcium. When 
the residue is nearly dry add 1 cc. of hydrochloric acid (1 to 1) and evaporate 
to dryness; if much organic matter is present char it in a radiator. Moisten 
the residue with dilute hydrochloric acid and c.vpcl the excess of acid by 
heating on a w ater ball). Add a fen’ drops of hydrochloric acid, dissolve in 

with hot water. Evaporate the 
and combine the two residues. 

. Q „ .. 0 _ Id 2 drops of concentrated sulfuric 

acid and a little hydrofluoric acid, volatilize the acids, ignite and weigh 
again. Report the loss in weight as silica (SiOj). 

B. Colorimetric Method.— 1. Reagent.— (a) Ammonium Jfo/yWafe So/u- 
tion .— Dissolve 30 gm. of ammonium molybdate in 200 cc. of 1 to 1 hydro- 
• chloric acid and dilute to GOO cc. with distilled water. 

2. Standards.— ■ f 

water. One cc. o t 

standards may be , r . ... 

when 50 cc. of sample are used. 

3. Procedure.— Measure 50 cc. of the sample into a tall form Kessler 
tube and add 5 cc. of the molj bdate reagent. Thoroughly shake the mixture 
and allow it to stand about fifteen minutes but not longer than twenty 
minutes. The yellow color developed is then compared with the chromate 
standards. 


Tabu 31 — Colob Stand ar&s fob the Determination 


0 0 
0.1 
0.2 
0.3 
O 4 
0 5 
0.6 
0.7 
0 8 

0 9 

1 0 


Pp m SiOi 
•tits SO « 
•Ample used 


1.3 26 

14 28 

1.5 30 


Silica 


In using this method phosphates interfere and strong mineral acids in 
excess of that present in the reagent will prevent the development of 
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co, . or - Tie method will not determine suspended silica. Hydro- 
remove^ 6 8 ‘ VeS * b Ue “ ° r ‘ nstcad 0f ydW and must ' therefore, ie 

II. Iron—Hon may be present in natural waters and in those receiving 
industrial waste in the ferric or ferrous condition and as soluble, colloidal 
or insoluble compounds The ferric form is rarely found in solution in 
appreciable quantities except in acid waters. Insoluble or colloidal iron is 
usually all ferric. Ferrous iron is readily oxidized to the ferric condition 
and most if not all of the iron present in a water will be in the ferric con- 
dition by the time the sample reaches the laboratory. Determinations of 
lerrous iron should, therefore, be made at the source of supply. 

A. Total Iron, Colorimetric Method.-l. Reagents.-(a) Standard Ferric 
oojttfton.— Dissolve 0.7022 gm. of crystallized ferrous ammonium sulfate 
m 50 cc. of distilled water and 20 cc. of concentrated sulfuric acid. Warm 
the solution and add potassium permanganate until the iron is completely 
oxidized. Dilute to 1 liter. One cc. contains 0.1 mg. of iron. 

(6) Potassium (or Ammonium) Thiocyanate.— T)[sso\\c 2 gm. in distilled 
Water and make up to 100 cc. 

. (c) Hydrochloric Acid, Dilute.— One volume of concentrated acid (spe- 
cific gravity 1.2) to 3 volumes of distilled water. Approximately 3 N. 

„ (<0 Potassium Permanganate.— Approximately 0 2 N. Dissolve G.30 gm. 
in distilled water and make up to 1 liter. 

(e) Hydrochloric Acid, Concentrated— Free from iron. 

(f) Nitric Acid, Concentrated— Specific gravity 1.12; free from. iron. • 
(ff) Nitric Acid, Dilute— Specific gravity 1.103; 3S2cc. of concentrated 

acid (specific gravity 1 42) in 1 liter. Approximately G.O N. 

2. Procedure.— Kvaporate 100 cc. or less of the sample to dryness or use 
tlic solids from the determination of residue on evaporation. With silt- 
bearing waters the quantity of iron may be so great that as little as 10 cc. 
of the sample will be sufficient. With such waters 5 to 10 cc. of concentrated 
o} drochloric acid should lie added prior to evaporation. If much organic 
matter is present destroy it by ignition, being careful not to prolong ignition 
to such an extent as to render the iron nearly invduhle. Heat to drive off 
tlic excess acid if any was used, provided ignition was not done. Cool and 
add 0.8 to 1 cc. of 3 N hydrochloric acid. Warm on the vv atcr bath a\ oiding 
evaporation to dryness by adding small quantities of distilled water. Rinse 
the hot solution into a 50-cc. Ncsslcr tube, filtering if necessary. Add 1 or 
2 drops of potassium permanganate solution; if the color of die perman- 
ganate docs not persist for at least five minutes, add more, drop by drop. 
Cool and dilute to the mark with distilled water. With the iron standards 
prepared and ready, add 5 cc. of thiocyanate solution to the sample and * 
to tlic standards, mix and compare immediately. With permanent stand- 
ards comparison must immediately follow tlic addition of thiocyanate. 

If the sample is low in organic matter, bud 50 cc. of tlic simple with 
5 cc. of G N’ nitric acid for fiv e minutes, add 3 drop* of pamauagnatc solu- 
tion and cool. Add 5 cc. of thiocyanate and com jure immediately uitb 
standards made from the standard iron solution, using 5 cc. of i» X nitric 
acid instead of the hydrochloric acid. 

3. Preparation ol lira Standards.— Measure into uxatcl.nl Xculcr tubes 
volumes of standard iron solution from 0-5 to -i cc.. cuscrir.g tlic range of 
standard* required for the usual determination. Dilute to about -40 ec., 
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and titrate the excess of iodine with thiosulfate solution in the presence of 
starch indicator. 

3. Calculation.— The difference in the number of cc. of thiosulfate solu- 
tion used in the titration of the standard iodine solution and in the back 
titration of the sample multiplied by 0.3408 is equal to the p.p.m. of hydro- 
gen sulfide, free and combined. This method does not give satisfactory 
results in sewage analysis and should not be used for this purpose. 

IV. Sulfates.— A qualitative test may be made by adding 1 cc. of con- 
centrated hydrochloric acid to 100 cc. of clear sample. Warm and add a 
little barium chloride solution; a white precipitate of barium sulfate is 
produced, which is insoluble in hydrochloric acid. 

1. Reagents.'- (a) Hydrochloric Acid, Concentrated.— Specific gravity 1.2. 

(5) Hydrochloric Acid, Dilute.— 1 to 1. 

(c) Sulfuric Acid, Concentrated.— Specific gravity 1.84. 

(d) Barium Chloride Solution, 10 per cent. 

2. Procedure.— Evaporate a volume of sample sufficient to give 0.4 to 

0.6 gm. of residue in a platinum dish; usually 100 cc. are sufficient but a 
larger volume may be required. When almost dry add 1 cc. of dilute hydro- 
chloric acid and continue the evaporation to dryness. If much organic 
matter is present char the residue in a muffle furnace. Moisten the residue 
with dilute hydrochloric acid and take down to dryness on a water bath. 
Ignite and weigh the insoluble precipitate. Add 2 drops of sulfuric acid 
and a few drops of hydrofluoric acid, heat to volatilize the acids, ignite and 
weigh; the loss in weight is silica. Add 2 cc. of hydrochloric acid bringing 
it into contact with all of the residue; add about 20 cc. of water and boil, 
filter if necessary, thoroughly washing the dish and filter with hot water. 
Add a slight excess of hot barium chloride solution and warm, stirring at 
intervals for one-half hour until the precipitate settles readily and the 
supernatant liquid becomes clear. Filter, wash the residue with hot water, 
dry, nr,A ***:•£> 

• 3 . v: . . . ■ 

in mg ' o - ‘ x ..." ‘ ! 

sample taken gives thep.p m. of sulfate as SO*. 

V. Calcium.— 1. Reagents.— (a) Nitric Acid, Concentrated. 

( b ) Ammonium Hydroxide. 

(c) Ammonium Oxalate, saturated solution. 

(d) Hydrochloric Acid, Dilute. 

2. Procedure.— Heat to boiling the filtrate from the silica determination, 
page 272, oxidize with concentrated nitric acid, and concentrate to about 
100 cc. Add ammonium hydroxide in slight excess, boil for a minute and 
filter. Add to the filtrate an excess of fresh saturated solution of ammonium 
oxalate, little by little. The solution must be kept warm and stirred at 
intervals until the precipitate settles readily and leaves a clear supernatant 
liquid. Filter, dissolve the precipitate in a little hot dilute hydrochloric 
acid, and reprecipitate with ammonium hydroxide and ammonium oxalate. 

If great accuracy is not required the solution and reprecipitation may be 
omitted, and the first precipitate washed clean with hot water. Save the 
filtrate for the determination of magnesium. Ignite the precipitate ana 
weigh it as calcium oxide, 71.46 per cent of which is the equivalent of 
calcium; or dissolve the precipitate in hot 2 per cent sulfuric acid and titrate 
with a standard solution of potassium permanganate. 
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VI. Magnesium. '-'1. Reagents.— (a) Sodium Ammonium Phosphate, 
saturated solution. 

(6) Hydrochloric Acid, Concentrated. 

(c) Hydrochloric Acid, Dilute. 

(d) Ammonium Hydroxide, 3 per cent. 

2, Procedure.— Acidify the filtrate from V with hydrochloric acid and 
concentrate it to about 100 cc. Add 20 cc. of the solution of sodium ammo- 
nium phosphate, cool, and make slightly alkaline by adding ammonium 
hydroxide drop by drop. Allow to stand four hours, then filter and 
wash the precipitate with 3 per cent ammonium hydroxide. Dissolve the 
precipitate, especially in the presence of large amounts of sodium or potas- 
sium, in a slight excess of dilute hydrochloric acid and reprecipitate tire 
magnesium with ammonium hydroxide and a few drops of the sodium 
ammonium phosphate solution. This solution and reprecipitation may be 
omitted if great accuracy is not required. Ignite the precipitate and weigh 
it as magnesium pyrophosphate, 21.S4 per cent of which is the equivalent 
of the magnesium. If manganese is present it is precipitated with the 
magnesium and a correction for it must be applied after determining 
manganese in a separate sample. 

VII. Sodium and Potassium.— 1. Reagents.— (a) Barium Hydroxide, 
saturated solution. 

(fa) Ammonium Hydroxide. 

(c) Ammonium Carbonate Solution. 

2. Procedure.— Evaporate the filtrate after the removal of silica and 
sulfates in IV to dryness. Heat the residue barely to redness to remove any 
ammonium salts. Dissolve in 25 to 100 cc. of water, add an excess of 
saturated barium hydroxide solution and heat to boiling. Allow to stand 

. To the 

• ■ ■ . ’ . heat on 

. . . ig a clear 

supernatant. Filter and evaporate the filtrate to dryness; ignite to expel 
any ammonium salts. Take up the residue in a few cc. of hot water, filter, 
and wash, keeping the volume small. Repeat the addition of ammonium 
hydroxide and ammonium carbonate and the succeeding operations until 
no precipitate is formed on the addition of these reagents. Transfer the 
final filtrate to a small platinum dish, add a few drops of hydrochloric acid 
and evaporate to dryness. Heat gently to drive off ammonium salts and 
finally heat barely to redness. Cool and weigh. Take up the sodium and 
potassium chlorides in a few cc. of water, filter through a small paper and 
wash. Ignite the filter paper in the platinum dish, cool and weigh. The 


reference should be made to the latest edition of Standard Methods of 
Water Analysis. 

PHYSICAL AND CHEMICAL CHARACTERISTICS OF 
ACCEPTABLE WATERS 

Water to be suitable for drinking and culinary purposes should be clear, 
colorless, odorless and pleasant to the taste; it should be free from toxic 
salts, and should not contain excessive amounts of soluble mineral sub- 
stances, nor of any chemical used in treatment. The quality standards in 
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this section are those given by the U. S. Public Health Service in Public 
Health Reports for January 15, 1543. 

I. Physical Characteristics.— 1. Turbidity.— Turbidity should not exceed 
10 p.p.m. or, preferably, 5 p.p.m. (silica scale). 2. Color.— Color should 
not exceed 20 p.p.m. or, preferably, 10 p.p.m. on the standard platinum 
cobalt scale. 3. Odor and Taste.— The water should be substantially free 
from odor and taste due to hydrogen sulfide, chlorine, phenol and other 
chemicals, and from odor due to the presence of microscopic organisms. 

II. Chemical Characteristics.— The presence of the following substances 
constitutes grounds for condemnation of a supply: 

Lead in excess of 0.1 p.p.m. as Pb 
Fluoride in excess of 1 p.p.m. as F 
Arsenic in excess of 0.05 p.p.m. as As 
Selenium in excess of 0.05 p.pm. as Se 

Salts of barium, bexavalent chromium, heavy metal glucosides and other 
substances known to have deleterious physiological effects should not be 
permitted in the water supply system. If the water supply is a temporary 
one, to be consumed by adults only, fluoride concentrations several times 
that given above may be permitted. 

The following substances should preferably not occur in excess of the 
concentrations in parts per million given below: 


Coppor .... , 30 

Iron and manganese (total) . 0 3 

Magnesium ... . J25 0 

Zinc . 15 0 

Chloride . . 250 0 

Sulfate . 250 0 

Phenolic compounds as phenol 0 001 

Total Bolide 1000 0 


For treated waters, the following additional requirements are pertinent: 

1. The pH value should not exceed 10.G at 25° C. 

2. The normal carbonate alkalinity should not exceed 120 parts per 
million. This requirement may be met by keeping the total alkalinity 
within the limits given below for the corresponding pH values. 


pll Talus 


Tol»l alkalinity 

la CaCOt 


10 0 
10 2 
10 4 
10 6 


400 p pm 
300 p pm. 
230 ppm. 
190 p pm. 
170 p.p m. 
ICO ppm. 


Temporary supplies to be used by 


troops for periods not exceeding one 


or two weeks need not be held too rigidly to the standards given, except 
those for the definitely toxic substances listed in the first table. A moderate 
excess of some chemical substance over the limit indicated is less important 
under such circumstances than good appearance and palatability. 


SEWAGE, EFFLUENTS, INDUSTRIAL WASTES AND 
GROSSLY POLLUTED WATERS 

I. Collection of Samples.— 1. Representative Samples.— Sampling pro- 
cedures for sewages, industrial wastes, and polluted waters should be 
adapted to the existing conditions to secure truly representative samples. 
Single catch samples are generally of little value, since the strengths of 
sewages and wastes may vary greatly from hour to hour. 
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solution, and distil off the ammonia. Add 100 cc. of sulfuric acid, 1 cc. of 
copper sulfate, and if necessary 5 gm. of potassium or sodium sulfate. 
Digest under a hood for twenty to thirty minutes after the digestate has 
become clear. Cool and add about 250 cc. of ammonia-free water. Make 
alkaline with sodium hydroxide, using the blue copper precipitate as an 
indicator and distil into 50 cc. of boric acid solution until about 200 cc. of 
distillate have been obtained. Bumping may be reduced with zinc or 
“boiling chips.” Add 3 drops of methyl red, and titrate the ammonia 
with 0.05 N sulfuric acid, matching the end-point with that of a blank 
containing the same amounts of boric acid and indicator diluted to the 
same volume with distilled water. A blank should be run on the reagents 
and corrections made as indicated. 

(6) Direct Nesslerizalion .— Digest as directed above. Rinse the cooled 
digestate into a 250-cc. flask, and dilute to the mark with ammonia-free 
water. Pipet 50 cc. into a 100-cc. flask or Ncssler tube, add sodium hydrox- 
ide slowly until alkaline, keeping the flask and contents cool in running 
water. Dilute to the mark with ammonia-free water, mix and allow to 
stand for twenty-four hours. Nesslerize an aliquot portion of the clear 
supernatant. Run a blank test on the reagents used in the entire process, 
and correct accordingly. 

3. Calculation.— 

700 X cc of acid 

P p m. ore.^'c nitrogen - 

of sample, cc. 

VI. Nitrite Nitrogen.— Place in a Nessler tube 0.1 to 10 cc. of sample, 
dilute to 50 cc., and determine as in the procedure for water. If necessary, 
the sample may be first clarified with zinc sulfate and sodium hydroxide, 
as described in the determination of ammonia nitrogen. 

VII. Nitrate Nitrogen.— A. Reduction Method.— The method is the 
same as that described for water. In place of distillation, direct nessleriza- 


be subtracted from the final result, as nitrites are also reduced. 

B. Phenoldisulfonic Acid Method.— A modification of the phenoldi- 
sulfonic acid method described for water may also be used. The sample is 
first clarified with zinc sulfate or copper sulfate and sodium hydroxide if 
low in color, or with activated carbon (0.5 gm. in 50 cc.) and aluminum 
hydroxide paste (1 cc. in 50 cc.) if high in color. Chlorides must also be 
removed if over 30 p.p.m. The clarified sample is evaporated, moistened 
with 1 cc. of phenoldisulfonic acid, diluted, and made alkaline. 

It is then treated with 0.5 gm. of activated carbon, filtered, made up to 
volume and compared with standards. New supplies of activated carbon 
should be tested for suitability by treating a 0.01 mg. nitrate standard 
with 1 gm. of the carbon, filtering, and noting if any change in color takes 
place. If there is no detectable change the carbon is suitable for use. 

VIII. Oxygen Consumed from Permanganate.— Since permanganate 
attacks different proportions of the total carbon in different sewages and 
wastes, the oxygen consumed test is not an accurate measure of the car- 
bonaceous organic matter. The test is useful mainly for estimating the 
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strength of certain trade wastes and sewages, the biochemical oxygen 
demand of which cannot be determined, and as a rapid measure of the 
efficiency of purification processes in routine vv ork. 

1. Reagents.— (a) Dilute Sulfuric Acid.— Add 1 volume of C.I*. sulfuric 
acid to 3 volumes of water. 

(b) Ammonium Oxalate Solution.— Dissolve O-SSSOgin. of C.I*. ammonium 
oxalate in 1 liter of distilled water. One cc. is equivalent to 0.1 mg. of 
oxygen. A fresh solution should be prepared at least once a month. 

(c) Standard Potassium Permanganate.— Dissolve 0.4 gm. of C.I*. potas- 
sium permanganate in 1 liter of distilled water. Add 10 cc. of tills solution 
and 10 cc. of the dilute sulfuric acid to 100 cc. of distilled water in an Erlcn- 
ineyer flask, and digest thirty minutes in boiling water. Add 10 cc. of the 
standard ammonium oxalate solution, and then titrate to a pink coloration 
with the standard potassium j>crmanganatc. This destroys the oxygen 
consuming capacity of the distilled water. Now add 10 cc. of the oxalate 
solution and titrate with the potassium permanganate. Adjust the perman- 
ganate so that 1 cc. is cqui\alcnt to 1 cc. of the oxalate or 0.1 mg. of av ail- 
able ox> gut. Presen c in a dark glass bottle. 

(<i) Sodium Hydroxide Solution .— Dissolve 500 gm. of sodium hydroxide 
in 1000 cc. of distilled water. Settle and decant the clear supernatant liquid. 

2. Procedure.— Place in a flask a suitable volume of sample, 1 to 100 cc., 
depending on its strength, and dilute to 100 cc. with distilled water. The 
quantity of sample used should he such that an excess of not less than 5 cc 
of the junnanganate remains after digestion. Add 10 cc. of die potassium 
lH.nnang.nutc and 10 cc. of die dilute sulfuric acid. Digest for darty 
minutes in boiling water, keeping die tlosk submerged below die level of 
die contents. Hemove die flask, add 10 cc. of die ammonium oxalate, ami 
titrate hack to a faint pink color w ith the jxjUvmuui permanganate Digest 
a blank made up of 100 cc. of distilled water. 10 cc. of }>crmungarutc and 
10 cc. of sulfuric acid, and titrate in a similar manner. Compute the cc. of 
jKrmangaiulc used by the distilled water added to dilute die sample, and 
deduct this value from that obtained for die sample. 


Oij 4»a n.t.r.c.^1. ji p 


HO X t*l «< KSUUi 
c< of ue;a 


Corrections should l>c applied for oxiduablc mineral sabitanccj such as 
nitrite*, ferrous iron, and sulfides. Direct titration of the acidified sample 
with the prnuangauatc in die cold to an cr.d*j>uint {uniuwnt for dare 
tnmutrs. will '<rve the purpose. 

l‘or brines i-f waters high in chloride, substitute 0 5 cc. * f hydros’ 

blc for die sulfuric acid, a:<d wild ."> cc. of sulfuric acid Uh re a*M:rg the 
oxalate after digr'tii U. 

IX. Dissolved Oxjgca.- It has Uni f.—M that usa jalntaron l-Uiy 
to 1-c prt *r,t in ■•raagrs a:.i| litiimUal s*a:t ti : ft: c w.th the Wu.e^r 

pxs-tdure hr d.e dftrr.mnatj- :i of t-s^gta, »:-l ;..-»la-t,l ;jv- 

udut i!i\r Utti ilruiipd t*i j JtW.'.l i-ah H.Sufui;, r. 11 e £— • 
t. are l»*> ut::.arou» to l«c tej-nd^xd m d«taJ ui a wvA »i lh.» w.' 
aid t!.e jr-dtr i» ffhrrtd to lie Ulr.t cd.ta a <1 r- Ui. i*ri M«tU»U -i 
WaVr Af-al>;.> A tal Jat* a » f ll r ,:.UiUi\ £ i J. e tt: *r w.’h 

i! f fdtv's tl T.» J A--! rtffrr:**** 1 • the ro .I-fitd ;.-««*!•.*< u*d .a 

*a h <A i e, air gi»tn ta T*i-e AL 
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Table 33. — SubsTa.sce* Imaruim Wmi Dissolved Oxygen Test 


Subttance 

Effect on u*t 

Modification u*ed 

Deecriptioq of modification, 
reaaoa lor uae 

Nitrite, NOV over 
0 1 ppm 

High rtaulu, ox L 
diaea iodide; recur- 

2I1NO, -t- 211 1 — 
K,Ot + 211,0 + It 
2.V«0» 4- 211/3 + O. 
- 4UNO. 

Rideal-SUwart 

Add UibOi, KMnOi, ondiin NOi 
M NOi": remove eiceaa KMnOi 
with oxalate, proceed ax in Wink- 
ler l*»t 

Aaide 

Add NaNi, either aa preliminary 
treatment, ailh acid, or in alka- 
line iodide; reducea NOV to Nt 

Sulfamic acij 

IKN'Kil&Oi redurea NO, to N« 
(S. \V. J.. 19. 642. 1941) 

Organic nutter over 
1000 ppm. m 

dextrene or pep- 
tone 

Low reaulla. organio 
mutter otidued by 
Oi U pH 12 

Short Winkler 

Cut period of alkatnatloa, acidify 
right alter aha lung (In d Eng. 
Chem. Anal. LU 4. 60. 1932) 

Hulfitei. thioeul/ite*, 
Polytldonatei 

(iu Ifite pulp mill 
nixie*) 

Low reaulu. reduce 
Oi 

Alkaline hj pochlorite 

. 

Add atkahne-hypoehlonte, then 
anJ-Kf. neutraliie li with Nar- 
tOt. proceed with W inkier teat 
(1 d( 1 Eng. Chem, Anal. Ed. 4, 
69. 1932) 

Chlorine or hypo- 
chlorite* 1 p p.tn. 
C(, - 0 23pp.m 

High reaulU, Liber- 
ating la 

I'artial alkaline by po- 
chlorite 

Ilegm with addition of acid-KI. aa 

ggjgjgg 


Rideal-Stcw art with fluo- 

ride 

KMnOa oxidiae* Fa- (Ind. Eng. 

Chem. IS. 1166. 1923) 

Sul pended organio 
•olid* (mud aua- 
penaiona) 

Low re*ulte 

Alutu flocculation 

Flocculate with alum and NILOQ, 

aetlle. decant, u»» abort t\ inkier 
method (Ind. Eng. Chem. Anal.. 
Ed. 12. 71). 1940). 


For sewages unconUminated by industrial wastes, cither the Rideal- 


Stewart, and are recommended if the chemicals are obtainable. Wien 
industrial wastes are present, the analyst must decide which modification 
to use on the basis of the kind and amount of interfering substances present, 
and the degree of accuracy desired. 

X. Relative Stability.— The use of this determination is rapidly decreas- 
ing in favor of the more significant biochemical oxygen demand test. It 
is, however, of value in field work and in small laboratories where a simple 
approximate measure of putrefiable organic matter in relation to oxygen 

■ , ■ i . are 

. ■ test 

1. Reagents.— (a) J If ethylene Blue .— Dissolve 0.5 gin. of methylene blue 
in distilled water and make up to 1 liter. 

2. Procedure.— If the waste contains caustic alkalinity or acidity, neu- 
tralize to bromthymol blue and seed with sewage bacteria. Fill a 150-cc. 
glass-stoppered bottle with sample, avoiding aeration. Add exactly 0.4 cc. 
of methylene blue indicator solution below the surface of the liquid. Incu- 
bate at 20° C. with a water seal, observing tire samples daily until decolori- 
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zation takes place. Report the days required for dccolorizatiun, or if pre- 
ferred, tlie relative stability percentage shown in Tabic 31 or calculated 
from die formula 3 *=* 100 (1-0.79 1 1 ). If bottles of anotlicr size arc used 
add a proportionate amount of indicator. A relative stability of 73 per cent, 
for example, indicates that die oxygen available is 73 per cent of that 
required. 

Tabu 31. — ItKians x StAiuurr Ncuiem 


Tim* loquueJ lor 
(lrci.luNmitun 
*t 20* C., 
■bn 

0 a . 

1 o 
i s 

1 o 

2 a 

3 0 

4 0 

5 0 
0 0 
7 0 


IM*U»* Tim* muir4 for 

Stability llKulotlUUUI 

t>. II.YC. 

p*r c*nt <J»j* 


II 

21 

30 

37 

44 

SO 

00 

OS 

so 


8 0 
0 0 
10 0 
II 0 
13 0 
13 0 
1« 0 
10 0 
18 0 
JO 0 


lteJ»K»* 
lUl ility 
d. 

jxre*o» 
$1 
. S7 
00 
Vi 
91 
03 

90 
97 

91 
93 


XL Biochemical Oxygca Demand. —The hioclu mica! oxs gvn demand of 
sewage, sewage diluents. i>olluted waters and industrial wastes, is the 
oxygen in parts per million required during stabilization of the decom- 
posable organic matter bv aerobic bacterial actiuii. Complete stabilization 
requires more than one hundred davs at 20 9 C., but such long periods of 
iticubation arc impracticable in any but research investigations. Incuba- 
tion for one. two, live, ten or twenty davs at 20 3 C., is customary, ami the 
five-day jurim] is recommended as the standard procedure. ft is c-v-cntial 
that normal growth of bacteria and plankton Imj establishes! in the diluted 
simples, consequently rt liable results cannot l*e obtained! if the diluted 
sample contains caustic alkalinity, acid, free chlorine or oilier bactericidal 
substance. Such substances must l>c neutralized «*r remov id. and the sample 
Misfed with normal «rwagc organisms. Filt< rid sewage should not l«e u -cd 
for Hiding, since filtration removes protozoa ami other organisms next >• 
?arv for a Mffs/acto/y llor.i. 

'Hie dilution water uh» 1 should have an oxvgm demand of I cm than 
O'J juris jx-r million in live da>s at 2U* C.. should contain h vs th*n U.01 
ppm. of copjAcr, ami should 1< free from mlilul ckhrine, caustic 
alkalinity, and other bactericidal julnUliin. 

I. lUaccau&nJ Apparatus,— (a) S'Li-.J-irJ //u’-'u n /rtfirr.'-'J'njurr fo-r 
sti-ek 'A.luliina hv dk *>lvirg the fi lluwii g ijuiiUlies *4 reagents m 1-1. Ur 


<ji.ai.rilu s of divlilhil water. 

(1) Ferric ehl-ridr. it 23 gtn. iV’b’uH/). 

•2) t'alikm ehk ride; 1 1 0 gM. CaCl, 
i l) M-gi.e ...Tatr, itnigm MgMV7H«0 

(4) I'la.'jihalr bu.hr Derive 31 gsa if }• t*.*i., a av-1 jA 
< / «1. t,.h»J sale,'. ,1>JJ al**«t )*a c\* if N 1 
t.vdrs ide i...t4 7.2 1> reaches!. Then sd 1 I -• if — 

sV.fatr a: A dJ-tr t., 1 hler. 

'|1 1- sta:^l*nl dJ-.l-' ‘J s»!fra;nja;id 1-y 4~ld~ 

*!,it..l«! wat»r.o;.es- »i fit. gaes-.sf '2 1 , 7_'ee *4 ».\.i ! 4»« - 

Ci - ’...V s i: / n < oh A1 ‘»»o' .'A,..,.! 


red 

*' 

s*»5 
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may be broken by standing, heating, or the addition of solvent to th 
emulsion. 

XV. Chloride.— If the sample contains sulfides, acidify 50 cc. of sampl 
with sulfuric acid, and oxidize the sulfides by heating with hydrogel 
peroxide for a few minutes. Cool, neutralize with sodium bicarbonate 
dilute to the original volume, and proceed as in Chemical Examination o 
Water, Section XIII. 

XVI. Iron.—Proceed as directed in Mineral Analysis of Water, Sec 
tion II. 

XVII. Residual Chlorine.— If nitrite, ferric iron, manganese, or othe; 
interfering substances are absent, and equipment is available which permit 
compensation to be made for the turbidity of the sample, the ortho-tolidini 
method may be used. The ortho-tolidine solution should contain ISO cc 
of concentrated hydrochloric acid rather than 100 cc. For accuracy, thi 
neutral starch iodide method is recommended. 

1. Reagents.— (o) Potassium Iodide Solution. — Dissolve 75 gm. of potas- 
sium iodide, free from iodine and iodates, in a small amount of freshlj 
boiled and cooled distilled water. Add 100 cc. ethyl alcohol and make up 
to 1 liter with freshly boiled and cooled distilled water. 

(6) Sodium Thiosulfate (NajSjOr5HiO).— 0.01 N Solution. Dissolve 
2.483 gm. of C.P. sodium thiosulfate in 1 liter of freshly boiled and cooled 
distilled : '' ichromate. Onecc. 

is equiv ; ■ Vdd 0.5 cc. of 1 N 

sodium „ ; • * • . , if desired. 0.01 N 

thiosulfate may also be made by dilution from the 0.025 N solution used 
for dissolved oxygen. 

(c) Starch Solution.— 1 To 5 gm. of potato starch in a mortar add a little 
, . . into 1 liter of boiling distilled water, 

• 3 the clear supernatant, and presen e 

2. Procedure.— Cool the sample to at least 20° C., preferably lower, and 
place 1000 cc. in a white porcelain casserole. Add 10 cc. of the potassium 
iodide solution, stir gently, and allow to stand five minutes. Add 5 cc. of 
starch solution, and titrate with sodium thiosulfate until the blue color is 
discharged. 

3. Calculation.— 

Residual chlorine, ppm. — cc. of thiosulfate X 0 3518 

XVIII. Chlorine Demand.— 1. Reagents.— (a) Chlorine Water.— By pass- 
ing chlorine gas through distilled water make a solution containing slightly 
more than 1 gm. of chlorine per liter. This solution must be standardized 
every time it is used, preferably by the starch-iodide method. 

(b) Ortho-tolidine Solution.— As above. 

2. Procedure.— Measure five or more 250-cc. portions of sample. To one, 
add chlorine water, 0.5 cc. at a time, with stirring, until a spot plate test 
using 3 drops of ortho-tolidine to 1 cc. of the sample gives a readable yellow 
color. 

To the other portions, add this quantity of chlorine w r ater, plus increasing 
amounts in steps of 0.2 to 0.5 cc. Gently stir all flasks and allow to stand 
for fifteen minutes. Determine the residual chlorine in each flask, using 
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ortho-tolidinc ami a colorimeter which permits compensation for turbidity. 
Calculate from this the chlorine demand, which is the parts per million of 
chlorine required to produce a residual of 0.1 part per million after fifteen 
minutes contact. 

A similar test may he worked out using the starch-iodide method for 
determining the residuals. 

XIX. pH Value.— For highly colored or turbid sewages and wastes, 
determination of pll value bv electrometric methods is to be preferred. 
Colorimetric methods may be used for sewages anil wastes of moderate 
color or turbidity or where great accuracy is not derired Procedures are 
the same as those for water. Colorimeters ums! inu**t comj>cns.ite for the 
turbidity and color of the sample. 



CHAPTER XVIII 


MILK, DAIRY PRODUCTS, MEAT AXD MEAT PRODUCTS 


By Raymond Randall and Joseph X. Stabile 
MILK 

I. Physical and Chemical Characteristics.— Milk is the secretion of the 
mammary’ glands of female mammals, and is of complex and variable com- 
position. It is a yellowish, opaque fluid, denser than water, containing 
fat, protein, sugar, salts and smaller amounts of lecithin, urea, and carbon 
dioxide, all in solution or suspension in water. The milk secreted immedi- 
ately after parturition diflers materially in composition from normal milk; 
it is known as colostrum. Tabic 33 is of interest: 


Table 35. — CoupxaATn c Courosmo.N or IIuuax and Cows’ Milk (Am* IIolt) 


Qumtn milk. Cons" milk, 

averse* p*r cent tr«i« per c*ot 

Fat . 4 00 3 50 

Sugar 7 00 4 30 

Protein .... 1 50 4 00 

Ash . ... 0 20 0 70 

Water 87 30 87 50 


According to Van Slyke and Bosworth, the solid constituents of cows’ 
milk are probably combined as follows: 


Table 30 —The Solids or Cow a’ Mile 


Fat 

Lactose ... 

Proteins combined with calcium 
Diealcium phosphate 
Calcium chloride 
Monomagnesium phosphate 
Sodium citrate 
Potassium citrate 
Dipotassium phosphate 


Per Cent 
3 900 
4.900 
3 200 
0 175 
0 119 
0 103 
0 222 
0 052 
0 230 


12 901 


The composition of the ash of milk is given as: 

Table 37.— Tan Asa or Milk 


Potassium oxide 
Calcium oxide 
Sodium oxide 
Magnesium oxide 
Iron oxide . 

Sulfur trioxide 
Phosphorus pentoxide 
Chlorine 


Par cent 
25 02 
20 01 
10 01 

2 42 
0 13 

3 84 
24 29 
14 28 


100 00 

II. Collection and Preparation of Sample — Official.— The quantity of 
sample required depends upon the number of determinations to be made. 
( 2S8 ) 
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For the usual analysis, 250 to 500 cc. are needed ; for fat determinations 
only, 50 to 60 cc. are sufficient. 

In the case of bottled milk, one or more bottles as prepared for sale 
should be collected. If the milk is in bulk, the sample should be secured 
only after thorough mixing. This mixing may be accomplished by pouring 
from one clean vessel into another three or four times or by stirring the 
milk for at least thirty seconds, with a suitable appliance long enough to 
reach to the bottom of the container. If cream has formed on the milk 
continue the mixing until all cream is detached from the sides of the vessel, 
and evenly emulsified throughout the liquid. 

I’lacc the samples in non-absorbent, air-tight containers and keep in 
the cold, but at a temperature abo\e freezing, until ready for examination. 
When the sample is to be transported by mail, express, or otherwise, com- 
pletely fill the containers, tightly stopper, and mark for proper identifica- 
tion. A suitable quantity of preservative such as formaldehyde, 2 drops 
for each 10.ee. of milk, may be used unless the presence of preservative is 
objectionable in connection with the physical and chemical tests to be 
applied in addition to the determination of fat. 

IJcfore withdrawing portions for analytical determinations, bring the 
sample to a temperature of 15° to 20° C. and mix thoroughly by pouring 
into a clean receptacle and back, until a homogenous mixture is assured. 
If lumps of cream do not completely disappear, warm the sample to about 
38° C., mix thoroughly, then cool to 15° to 20° C. In case a measured 
volume is required in a determination, bring the temperature of the sample 
to 20® C. before pipeting. 

III. Specific Gravity.— The specific gravity of milk ranges between 
1.027 and 1.035. It may he determined by means of the hydrometer. The 
Qucvcnnc lactometer, wit 
the hydrometer designed 
includes tins range, and in. _ 


close to this temperature arc made by . J , 

s|Kiifie gravity for each degree above and .■ ■■ ‘ ■ • ’ ' 

specific gravity for each degree Mow 13.6 1 ' ■" . . .. : • ' ' ' 

made within a range of 13® to IS® C. 

IV. Acidity.— 1. Reacents.— («i) Sodium 0.1 X solution. 

(6) Pkrnolphtkahin Indimlur: 1 Jkt rent in 30 per rent ethyl alcohol. 

2. Procedure.— Dilute It) to 20 cc. of milk with an «qud volume of 
recently boiled and cooled distilled water and titrate with standard sodium 
hydroxide dilution, using phcmdphthalcin indicator. Kxprrv* the result as 
jHivuilagcof lactic nud. The determination may l>eo»nvrmcntly made by 
Uu*.iM)ring I7.ii cc. of the prepared .sample witji a I7 j»kv. IhUvnl J'l'ijtt, 
diluting with an equal volume of rtev ntly l*>ilid and «««hd water, washing 
tint the pijKTt with carl win dinxidr-froc watrr, and titrating with 0.1 N 
sodium hydroxide solution, udng 03 cc. of the phcnolphthaUiu iidirator. 

d. Calculation.— The numUr of «h).l N NaOH > ! required 
divided bv 20 give* the |»creentagr of belie acid. 

IB 
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V. Total Solids. — 1. Direct Method — Official.— Weigh a flat-bottomed 
dish of not less than 5 cm. diameter. If desired, the disli may have spread 
on it, prior to weighing, 15 to 20 gin. of pure dry sand. Pipct into the dish 
3 to 5 cc. of the sample, weigh quickly, and heat at the temperature of 
- Cool in a desiccator, and then 
noistuye. Report the increase in 

2. By Calculation from Specific Gravity.— The milk should be at least 
three or four hours old before it is used for specific gravity determination. 
The specific gravity of the milk is then taken as described above, page 2S9. 
The percentage of solids, not fat, in the milk may then be calculated by 
means of Babcock's formula, which is as follows: 

/ 1003 - sr \ 

Plasma solids - I ioo"_ iA)7fi3Sl — 1 ) x 000 — 0 2-5 

where S equals the specific gravity of the milk and f equals the percentage 
of fat. This when added to the percentage of fat will give the' percentage 
Table 38. — Detzriiimno Total Solids j.v Milk F/tosr A NT Given Specific 
Gravity and Percentage of Fat (Per Cent Total Solids) 
p er I Lactometer reading At IS 0* C. (Quevenna decree*) 
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of total solids. The percentage of total solids may also be taken directly 
from Table 38, interpolations being made where necessary. 

If the specific gravity as expressed in Quevenne degrees is a whole number 
and a decimal, the percentage of total solids corresponding to the whole 
number is found, and to this is added the fraction found opposite the tenth 
in Table 39— ‘‘Proportional Parts.” Two examples are given as illustra- 
tions: Fat, 3.8 per cent; specific gravity, 32. Under column headed 32, 
12.57 per cent is found corresponding to 3.8 per cent fat. Fat, 3.8 per cent; 
specific gravity, 32.5. The total solids reading corresponding to this per- 
centage of fat and a specific gravity of 32 is 12.57. Under the Table of 
Proportional Parts, the fraction 0.13 appears opposite 0.5. This added to 
12.57 makes 12.70, which is the desired percentage for the whole number and 
the decimal. 

Table 39. — Proportional Parts 

Fraction to ba 

Lactometer added to 

Iraetion total soli da 

01.. .. . . 0 03 

0 2 ..-. 0 05 

0 3. . 0 08 

0 4.. 0 10 

OS . 0 13 

06.. . . 0 16 

0 7. . . ... 0 18 

0 8 0 20 

0 9 0 23 

An inspection of the table shows that the percentage of total solids 
increases practically at the rate of 0.25 for each lactometer degree and 
1.2 for each per cent of fat. This gives rise to Babcock’s simple formula: 
Total solids equals $ L plus 1.2 F, where L equals the lactometer reading 

■ . . of fat. To illustrate the 

Fat, 4 per cent; specific 
! .2 multiplied by 4 is 4.8, 

8 plus 4.8 equals 12.8, which represents the percentage of total solids. 

VI. Ash — Official.— Into a tared dish pipet about 20 cc. of the prepared 
sample, weigh quickly, add 0 cc. of nitric acid, evaporate to dryness and 
ignite at a temperature below redness until the ash is free from carbon. 
Cool in a desiccator, and report the increase in weight as ash. 

VII. Total Nitrogen — Official— 1, Reagents.— (o) Mercuric Oxide, or 
Mercury, Metallic. 

(6) Potassium Sulfate, powdered; or Sodium Sulfate, anhydrous. 

(c) Potassium Sulfide.— Dissolve 40 gm. of commercial potassium sulfide 
in 1 liter of water. 

(d) Sodium Hydroxide. — Dissolve 225 gm. of commercial NaOH in 
500 cc. of water. 

(c) Hydrochloric or Sulfuric Acid: 0.1 N. 

( f ) Methyl Red Indicator. 

(g) Sulfuric Acid: Specific gravity 1.84. 

(h) Sodium or Potassium Hydroxide: 0.1 N. 

2. Procedure. — Transfer 5 gm. of the sample to a Kjeldahl digestion 
flask. Add approximately 0.7 gm. of mercuric oxide, or its equivalent in 
metallic mercury, 10 gm. of powdered potassium sulfate, or anhydrous 
sodium sulfate and 25 to 30 cc. of concentrated sulfuric acid. Place the 
flask in an inclined position and heat below the boiling-point of the acid 
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until frothing has ceased. Increase the heat until the acid boils briskly, 
and digest for a time after the mixture is colorless or nearly so, or until 
oxidation is complete. Digestion usually requires at least two hours. 

After cooling, dilute with about 200 cc. of water, add a few pieces of 
granulated zinc, pumice stone, or purified talc to prevent bumping and, with 
shaking, 25 cc. of a solution of potassium sulfide. Next add sufficient sodium 
hydroxide solution to make the reaction strongly alkaline, 50 cc. are usually 
sufficient, pouring it down the side of the flask so that it does not mix at 
once with the acid solution. Connect the flask to the condenser by means 
of a Kjeldahl connecting bulb, taking care that the tip of the condenser 
extends below the surface of the standard acid in the receiver; mix the 
contents by shaking and distil until all ammonia has passed over into a 
measured quantity of standardized 0.1 X hydrochloric or sulfuric acid. 
Titrate with standardized 0.1 N alkali solution, using methyl red as an 
indicator. 

3. Calculation. — The number of cc. of 0.1 X HCI or H-SOi originally 
taken minus the number of cc. of 0.1 X alkali used in the titration equals 
the number of cc. of 0.1 X acid neutralized 
of the sample. Then this figure multiplied 
percentage of nitrogen present in the milk ex _ 

by 6.38 gives the percentage of protein in the milk. 

Caution . — Previous to use, the reagents should be tested by a blank 
experiment with sugar. The sugar partially reduces any nitrates present 
that might otherwise escape notice. 

VIII. Casein — Official.— This determination should be made while milk 
is fresh, or nearly so. When it is not practicable to make this determination 
within twenty-four hours, add 1 part of formaldehyde to 2500 parts of 
milk and keep in a cool place. 

1. Reagents.— (a) Acetic Acid. Dilute.— One cc. of acetic acid plus 9 cc. 
of water. 

2. Procedure.— Place 10 gm. of the sample in a beaker with 90 cc. of 
water at 40° to 42° C- and add at once 1.5 cc. of dilute acetic acid. Stir, 
and let stand for three to five minutes. Decant on a filter, wash by decanta- 
tion two or three times with cold water, and transfer the precipitate to the 
filter. Wash one or two times on the filter. The filtrate should be clear. 
If the first portions of the filtrate are not clear, repeat the filtration, and 
complete the washing of the precipitate. Determine the nitrogen in the 
washed precipitate and filter paper as directed on page 29L and multiply 
by 6.38 to obtain the equivalent of casein. 

To a sample of milk that has been preserved, the acetic acid should be 
added in small portions, a few drops at a time with stirring, and the addi- 
tion should be continued until the liquid above the precipitate becomes 
clear or nearly so. 

IX. Albumin — Official. — 1. Reagents.— (a) Sodium Hydroxide: 10 per 
cent solution. 

(5) Acetic Acid: Dilute. 

2. Procedure.— Exactly neutralize the filtrate obtained under VIII with 
10 per cent XaOH solution, add 0.3 cc. of dilute acetic acid and heat at 
once on a steam bath until the albumin is completely precipitated. Collect 
the precipitate on a filter, wash with cold water, determine the nitrogen 
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a3 directed on page 291 and multiply by 6.38 to obtain the equivalent of 
albumin. 

X, Lactose.— Lactose is determined on the protein-free filtrate of milk 
by a copper reduction method, following the method of Folin-Wu for blood 
sugar. The method is well suited for routine analyses. 

1. Reagents.— (a) Sodium Tungstate: 10 per cent solution. 

(6) Sulfuric Acid: 0.66 N. 

(c) Staiidard Lactose Soluiimi.— Prepare a stock standard by dissolving 
1 gm. of lactose in 0.25 per cent benzoic acid solution and making up to a 
volume of 100 cc. The working standard is made up by diluting 3 cc. of this 
stock solution to 100 cc. with 0.25 per cent benzoic acid. In this working 
standard 2 cc. equals 0.6 mg. of lactose. 

(d) Alkaline Copper Reagent.— Same as Chapter XVI, page 207. 

(e) Molybdate-phosphate Solution.— Same as Chapter XVI, page 208. 

2. Procedure.— Introduce 1 cc. of milk into a lUO-cc. volumetric flask, 
add 2 cc. of 10 per cent sodium tungstate and mix w ell. Add gradually 2 cc. 
of 0.66 N HjSCh, mix well and let stand five minutes. Dilute to volume 
with water and filter. Introduce 1 cc. of the filtrate and 1 cc. of water into 
a Folin sugar tube. In another tube, place 2 cc. of the standard lactose 
solution. 

Add 2 cc. of tile alkaline copper reagent to cadi tube and heat in a boiling 
water bath for eight minutes. Cool and add 4 cc. of acid mol} bdatc solution 
to cadi tube. After one minute, add diluted molybdate solution, 1+4, 
to the 25-cc. mark. Mix and compare in the colorimeter. 

3. Calculation.— 


Reading of Standard v 100 v 1 
Reading of Unknown X °'° X 0 01 X 1000 = pcr ccnt 
lactose or, with the unknown set nt 20 mm., Reading of the Standard X 0.3 
= per cent Lactose. 

XI. Fat. A. Roese-Gottlieb Method — Official.— 1. Reagents.— (a) A m- 
monium Hydroxide. 

(b) Ethyl Alcohol: 95 per cent. 

(c) Petroleum Ether.— Redistilled slowly at a temperature below 65° C, 

Of) Ethyl Ether, anhydrous. 

2. Procedure.— Transfer 10 gm. of the sample to a Rolirig tube or similar 
apparatus, add 1.25 cc. of ammonia water, or 2 ec. if the sample is sour, 
and mix thoroughly. Add 10 cc. of 95 per cent alcohol and mix. Add 25 cc. 
of etlijl ether, shake vigorously for thirty seconds, add 25 cc. of petroleum 
ether and again shake thirty seconds. Let stand twenty minutes. Draw 
oil as much as jiossible of die ether-fat solution into a flask through a small, 
cpiick-acting filter. Again extract the liquid remaining in the tube, this time 
with 15 cc. of each ether. Draw oil the clear solution as before. To insure 


complete removal of the fat a third extraction is necessary. This third 


weight. Weigh the flask with a similar flask as a countcrjwLc. Do not 
wij>e the flask immediately licforc weighing. Remove the fat completely 
with petroleum ether. Deduct the weight of the dried fl.uk with residue and 
bead to obtain the weight of fat. Finally, correct tills weight by a blank 
determination on the reagents used. 
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B. Babcock Method — Official. — 1. Apparatus and Reagents. — (a) Test 
Bottles {Babcock).— These, test bottles must conform to the specifications as 
given in “Standard Methods for the Examination of Dairy Products,” 
American Public Health Association, Sth Edition, 1941. 

(6) Centrifuge.— Speed 600 to 1200 r.p.m. 

(c) Pipet. — 17.6 cc. and 17.5 cc. graduations only, conforming to speci- 
fications. 

(d) Sulfuric Acid: Specific gravity 1.S2 to 1.S3 at 20® C. 

2. Procedure.— Transfer 17.6 cc. of the milk sample to the test bottle 
by means of the pipet Blow out the milk remaining in the pipet tip after 
free outflow has ceased. Add 17.5 cc. of sulfuric acid, preferably not all at 
one time, pouring it down the side of the neck of the bottle in such a way as 
to wash any traces of milk into the bulb. The temperature of the acid 
should be about 15° to 20° C. Shake until all traces of curd disappear; 
then transfer the bottle to a centrifuge, counterbalance it, and whirl for 
five minutes after the proper speed has been attained. Add soft or distilled 
water at 60° C. or above until the bulb of the bottle is filled. Whirl two 
minutes. Add hot water until the liquid approaches the top graduation 
on the scale. Whirl one minute. Transfer the bottle to a water bath at 
55° to 60° C., immerse it to the level of the top of the fat column and leave 
it there until the column is in equilibrium and the lower fat surface has 
assumed a final form. Remove the bottle and, with the aid of calipers or 
dividers, measure the column of fat in terms of percentage by weight, from 
its lowest surface to the highest point of the upper meniscus. 

The fat column, at the time of measurement, should be translucent, of 
a golden yellow or amber color, and free from visible suspended particles. 
Reject all tests in which the fat column is milky or shows the presence of 
curd or charred matter, or in which the reading is indistinct or uncertain. 

YU. Added Water (Acetic Serum — Ash Method) — Official.— 1. 
Reagents.— (a) Acetic Acid.— Twenty-five per cent solution (specific gravity 
1.035). 

2. Procedure.— To 100 cc. of the milk measured at 20° C. into a beaker, 
add 2 cc. of 25 per cent acetic acid. Cover the beaker with a watch glass 
and place it in a water bath at 70® C. for twenty minutes. Cool the beaker 
in ice water for ten minutes and separate the curd from the serum by rapid 
filtration through a small filter. 

Transfer 25 cc. of the serum to a tared, flat-bottomed platinum dish and 
evaporate to drynes3 on a water bath. Heat over a low flame until the 
contents are thoroughly charred, place the dish in an electric muffle, prefer- 
ably with pyrometer attached, and ignite to a white ash at a temperature 
not greater than 500® C. Cool and weigh. 

3. Calculation.— Express the result as gm. per 100 cc. A result below 
0.715 gm. per 100 cc. indicates added water. The serum ash, multiplied 
by the factor 1.021 equals the sour serum ash, dilution of the acetic serum 
being 2 per cent. 

XIII. Gelatin. Qualitative Test — Official.— 1. Reagents.— (a)j Icid Mer- 
curic X it rate. —Mercury is dissolved in twice its weight of nitric acid, and 
this solution diluted to twenty-five times its volume with water. 

(5) Picric Arid.— Saturated solution. 

2. Procedure. — To 10 cc. of the milk add an equal volume of acid mer- 
curic nitrate solution, shake the mixture, add 20 cc. of water, shake again. 
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allow to stand five minutes, and filter. If much gelatin is present, the 
filtrate will be opalescent and cannot be obtained quite clear. To a portion 
of the filtrate in a test tube add an equal volume of saturated picric acid 
solution. A yellow precipitate will be produced in the presence of any con- 
siderable quantities of gelatin, while smaller quantities w ill be indicated by 
a cloudiness. In the absence of gelatin, the filtrate will remain perfectly clear. 

XIV. Preservatives. A. Formaldehyde.— 1. Leach Test — Official.— Mix 
about 10 cc. of milk with an equal volume of strong hydrochloric acid 
containing l cc. of 10 per cent ferric chloride solution to each 500 cc. of 
acid. Heat slowly in a casserole to 80° to 90° C. directly over a gas flame, 
rotating the casserole to break up the curd. A violet color indicates formal- 
dehyde. 

2. PhenylliydrazinQ Hydrochloride and Sodium Nitroprusside Test — Official. 
— Dissolve a lump of plienylhydrazine hydrochloride the size of a pea in 
2 to 5 cc. of the milk to be tested, add 2 to 4 drops, not more, of a 5 to 10 
per cent solution of sodium nitroprusside and 8 to 12 drops of an approxi- 
mately 10 per cent sodium hydroxide solution. A green or blue color indi- 
cates formaldehyde. When present to the extent of more than 1 to 70,000 in 
the solution tested, a distinct green or bluish-green coloration results. In 
more dilute solutions the green tint is less marked and a jellow tinge 
tending toward greenish-brown develops. 

3. Phenylhydrazine Hydrochloride and Potassium Ferricyanide Test — 
Official.— Proceed as above, substituting a solution of potassium ferri- 
cyanide for the sodium nitroprusside. Formaldehyde gives a red color. 

4. Hehner Teat — Official.— To about 10 cc. of the milk in a wide test 
tube, add about one-half its volume of commercial sulfuric acid, pouring 
the acid carefully down the side of the tube so that it forms a layer at the 
bottom without mixing with the milk. A violet or blue color at the junction 
of the two liquids indicates formaldehyde. The test is given only in the 
presence of ferric chloride or other oxidizing agents. Ill is test may be 
combined with the Babcock test for fat, noting whether a violet color forms 
upon the addition of the commercial II 2 SO 4 to the milk in the test bottle. 

B. Salicylic Acid.— 1. Ferric Chloride Test — Official.— Acidify 100 cc. of 
the milk with 5 cc. of hydrochloric acid, 1 to 4. Shake until curdled, filter 
and extract the filtrate with 50 to 100 cc. of ether. Wash the ether layer 
with two 5-cc. portions of water, evaporate the greater portion of the 
ether in a porcelain dish 011 the w atcr bath, allow the remainder to evaporate 
spontaneously and add a drop of 0.5 per cent ferric chloride solution. A 
violet color indicates salicylic acid. 

2. Jorissen Test — Official.— Acidify, filter and extract a portion of the 
milk as above, or divide the ether extract al>o\c into two portions, using 
one for the ferric chloride test, the other for this test. Evaporate the 
ether extract to dryness. Dissolve the residue iu a little hot water. Cool 
10 cc. of this solution in a test tube, add 1 oro drops of a 10 per cent potas- 
sium nitrite solution, 1 or 5 drops of 50 per cent acetic acid and 1 drop of 
a 1 per cent cupric sulfate solution, mix thoroughly and heat to boiling. 
Boil for thirty seconds and let stand one to two minutes. In the presence 
of salicylic acid, a blood-red color will dc\clop. 

C. Benzoic Acid — Official. — Prepare an ether extract as afxne. If 
benzoic acid is present in considerable quantity it will crystallize from the 
ether in sinning leaflets giving a characteristic odor on heating. 
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Dissolve the ether residue in hot water, divide it into two portions and 
apply the following tests: 

1. Make the solution alkaline with ammonium hydroxide, expel the 
excess of ammonia by evaporation, dissolve the residue in water and add 
a few drops of a neutral 0.5 per cent ferric chloride solution. A brownish 
precipitate of ferric benzoate indicates the presence of benzoic acid. 

2. Add to the second aqueous portion 1 or 2 drops of a 10 per cent solu- 
tion of sodium hydroxide and evaporate to dryness. To the residue add 
5 to 10 drops of concentrated sulfuric acid and a small crystal of potassium 
nitrate. Heat for ten minutes in a glycerol or oil bath at 120° to 130° C. or 
for twenty minutes in a boiling water bath. The temperature must not 
exceed 130° C. Cool, add 1 cc. of water and make distinctly ammoniacal; 
boil to decompose any ammonium nitrate formed. Cool and add fresh 
colorless ammonium sulfide without allowing the layers to mix. A red- 
brown ring indicates benzoic acid. On mixing, the color diffuses throughout 
the liquid and on heating changes to greenish-yellow. 

D. Boric Acid.— -1. Preliminary Test — Official.— Immerse a strip of tur- 
meric paper in the sample acidified with hydrochloric acid in the proportion 
of 7 cc. of strong acid to each 100 cc. of sample, and allow the paper to dry 
spontaneously. If borax or boric acid is present, the paper will acquire a 
characteristic red color, changed by ammonium hydroxide to a dark blue- 
green, but restored by acid. If this preliminary' test b positive, proceed with 
the 

2. Confirmatory Test — Official.— Make about 25 cc. of the sample decid- 
edly alkaline with lime water and evaporate to dryness on a water bath. 
Ignite the residue at a low red heat to destroy organic matter. Digest with 
about 15 cc. of water, add strong hydrochloric acid, drop by drop, until 
the ignited residue b dissolved, and then add 1 cc. in excess. Saturate a 
piece of turmeric paper with the solution and allow it to dry without the 
aid of heat. In the presence of borax or boric acid, the color change will 
be the same as in the preliminary test. 

XV. Coloring Matters.— 1. Annatto — Official.— Warm about 150 cc. of 
milk in a casserole over a flame and add about 5 cc. of 25 per cent acetic 
acid, then slowly continue the heating nearly to the boiling point while 
stirring. Gather the curd, when possible, into one mass with a stirring 
rod, and pour off the whey. If the curd breaks up into small flecks, separate 
from the whey by straining through a sieve. Press the curd free from the 
adhering liquid, transfer to a small flask, macerate, allow to stand for 
several hours in about 50 cc. of ether, keeping the flask tightly corked and 
shaking at intervals. Decant the ether extract, evaporate the ether on the 
water bath, make the residue alkaline with NaOH, and pour upon a small 
wet filter. If annatto b present, the filter paper will absorb the color so 
that, when washed with a gentle stream of water, it will remain dyed a 
straw color. Dry the filter and add a drop of stannous chloride solution. 

If the color turns pink, the presence of annatto b confirmed. 

2. Coal Tar Dyes — Official— The curd of an uncolored milk is perfectly 
white after complete extraction with ether, as b also that of milk with 
annatto. If the extracted fat-free curd b distinctly orange or yellowish 
in color, a coal tar dye b indicated. In many cases upon treating a lump 
of a fat-free curd in a test tube with a little hydrochloric acid, the color 
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changes to pink, indicating the presence of a dye similar to aniline yellow 
or butter yellow or perhaps one of the acid azo yellows or oranges. 

In some cases the presence of coal tar dyes can be detected by heating 
100 cc. of milk directly with an equal volume of HC1 in a porcelain cas- 
serole, giving the dish a slight rotary motion. In the presence of some dyes, 
the separated curd acquires a pink coloration. 

XVI. Raw and Heated Milk.— The Rapid Phosphatase Test.— The 
phosphatase test is based on the property of the heat-sensitive enzyme 
phosphatase to liberate phenol from phosphoric-phenyl esters. ^Yhen milk 
is heated, this enzyme becomes progressively inactivated, 96 per cent of 
it being destroyed when heated at 143° F. for thirty minutes; when heated 
above 145° F. for the same length of time it is completely inactivated. 

1. Reagents.— (o) Neutral n-butyl alcohol, boiling range 115° to 118° C. 

(6) Gibbs’ Phenol Reagent.— Dissolve 40 mg. of 2, 6-dibromoqui- 
nonechlorimide in 10 cc. of methyl or 95 per cent ethyl alcohol. Keep the 
reagent tightly stoppered and under refrigeration. 

(c) Borate Buffer.— Dissolve 28.427 gm. of sodium borate, Na 2 B t - 
O7TOH2O, in 900 cc. of water. Add 3.27 gm. of sodium hydroxide or 
81.75 cc. of 1 N NaOH and dilute to 1 liter. 

(d) Buffer Substrate.— Dissolve 0.5 gm. of crystalline disodium phenyl 
phosphate in 5 cc. of water in a small test tube. Add 0.5 cc. of borate 
buffer. Shake well and add 0.05 cc. of the Gibbs’ phenol reagent. Shake 
well and allow five minutes for color development. Extract indophenol 
by shaking with 2 cc. of neutral n-butyl alcohol and allow to stand until 
the alcohol has separated completely. Remove the supernatant alcohol 
layer with a pipet and discard. Dilute the remainder with 100 cc. of 
borate buffer and add water to make 1 liter. Store uhder refrigeration 
and prepare only enough for immediate use. Avoid contact of the solution 
with rubber. 

(e) Color Standards: 

(1) Color solution, red— 0.5 N cobalt chloride in 1 per cent HCI (59.59 
gm. C0CVGH2O per liter). 

(2) Color solution, blue— 0.5 N copper sulfate in 1 per cent HCI (62.425 
gm. CuSCV5H 2 0 per liter). 

(3) Color solution, yellow— 0.5 N (M/6) ferric chloride in 1 per cent 
HCI (45.05 gm. FeClj‘GH 2 0 per liter). 

Combine the quantities indicated below and dilute to 5 cc. 


Bed, Blue, Yellow, 

Unit* - CC. cc. cc. 

2 04 15 06 

6 . . ..0 2 2 2 0 5 


2. Procedure.— To a test tube (10 x 110 mm.) calibrated at 5 cc., 5.5 cc., 
and 7.5 cc. measured to top of meniscus and fitted with gum rubber stoppers, 
add 5 cc. of buffered substrate and 0.5 cc. of milk sample. Shake briefly. 
Incubate for ten minutes in a water bath at 36° to 44° C. If no water bath 
is available, incubate in pocket for a fifteen to twenty minute period. After 
incubation add G drops of Gibbs’ phenol reagent and shake well immedi- 
ately. Allow to stand for fi\ e minutes. Appearance of a blue color indicates 
inadequate pasteurization. For greater sensitivity add 2 cc. of neutral 
n-butyl alcohol. Extract the indophenol by completely inverting the tube 
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ten times, pausing after inversion to allow bubbles to break and alcohol 
to separate. Compare with color standards. 

3. Interpretation ot Results.— A value equal to or greater than 2 units 
generally indicates faulty pasteurization. The test tube containing the 
standards must be of the same size as that containing the sample being 
tested. 

XVII. Fat in Human Milk.— For this determination the Babcock 
method is employed, making use of a special small test bottle of the same 
type as the Babcock bottle; the body holds about 8 cc. and bears a mark 
at the 5-cc. point, while the narrow neck is marked from 0 to 5 per cent 
in 0.2 per cent divisions. 

Add milk to the 5-cc. mark, making use of a narrow-tipped pipet. Then 
fill the body of the bottle by adding about 3 cc. of concentrated sulfuric 
acid. Mix and add a few drops of a mixture of HC1 and amyl alcohol, to 
bring the total volume to the zero mark. Centrifugalize for two minutes and 
read the layer of fat, now up in the stem. 

This method gives results that check within 0.5 per cent with the more 
accurate methods and is quite satisfactory for clinical purposes. 

Milks of higher fat content than 5 per cent must be diluted with an 
equal volume of water, and the result multiplied by 2. 

XVIII. Lactose in Human Milk. -"Proceed as directed on page 293. 

CREAM 

I. Collection and Preparation of Sample — Official.— Proceed as under 
Milk, page 288. The sample should be analyzed as soon as practicable, and 
preferably not lat6r than three days after taking. 

Immediately before withdrawing portions for the determinations, mix 
the sample by shaking, pouring or stirring until it pours readily and a uni- 
form emulsion has been secured. If the sample is very thick, warm it to 
30° to 35° C. and then mix. In cases where lumps of butter have separated, 
heat the sample to 38° C. or, if necessary, to 50° C. by placing it in a warm 
water bath. Thoroughly mix the portions for analysis and weigh immedi- 
ately. Avoid overheating the sample, thereby causing the cream to "oil 
off.” This precaution is especially necessary in the case of a thin cream. 

II. Total Solids — Official.— Proceed as directed under Milk, page 290, 
using 2 to 3 gm. of the sample. 

III. Ash — Official.— Proceed as directed under Milk, page 291. 

IV. Total Nitrogen — Official.— Proceed as directed under Milk, page 291. 

V. Lactose.— Proceed as directed under Milk, page 293. 

VI. Fat. — 1- Roese-Gottlieb Method — Official.— Transfer 5 gm. of the 

• • with water to about 

2 ...:.. a "... . !! ' am is very similar to 

that employed for milk. Either a 9-gm. or 18-gm. test bottle may be used. 

Weigh 9 or 18 gm. of the sample directly into a 9-gm. or 18-gm. cream 
test bottle and add 8 to 12 cc. of sulfuric acid in the case of a 9-gm. bottle 
or 14 to 17 cc. of this acid in the case of an 18-gm. bottle and proceed as 
outlined under Milk, page 294. 

VII. Acidity.— 1. Reagents.— (a) Sodium Hydroxide: 0.1 NNaOH solu- 
tion. 
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(6) Phcnolpklhalein; 1 per cent phenolphthalein solution in SO per cent 
ethyl alcohol. 

2. Procedure.— Weigh out exactly 9 gin. of cream and dilute with 27 cc 
of C0 2 free water. Add 0.5 cc. of phenolphthalein indicator and titrate 
with 0.1 N NaOH until a faint pink color remains. 

3. Calculation.— The number of cc. of 0.1 N NaOH divided by 10 will 
give the per cent of acidity calculated in terms of lactic acid. 

VIII. Gelatin — Official.— Proceed as directed under Milk, page 294. 

IX. Preservatives — Official.— Proceed as directed under Milk, page 295. 

X. Coloring Matters — Official.— Proceed as directed under Milk, page 
296. 

ICE CREAM 

I Preparation of Sample — Official.— Allow the sample to soften at 
room temperature. Owing to the fact that melted butter fat tends to sepa- 
rate out and rise to the surface, it is not advisable to soften the ice cream by 
heating on a water bath or over a flame. Mix thoroughly by stirring with a 
spoon or an egg beater or by pouring back and forth between beakers. 

II. Total Nitrogen,— Place 4 to 5 gm. of the sample in a digestion flask 
and proceed as directed under Milk, page 291. 

III. Fat. Roese-Gottlieb Method — Official.— Weigh 4 gm. of the 
thoroughly mixed sample into a small, dry beaker, add 3 cc. of water; 
thoroughly mix by stirring with a glass rod, and transfer to a Rohrig tube, 
washing out tire remaining portion with the aid of an additional 3 cc. of 
water. Add 2 cc. of ammonia, mix thoroughly and heat in a water bath 
at 60* C. From this point proceed as directed under Milk, page 293, begin- 
ning with “Add 10 cc. of 95 per cent alcohol and mix well." 

IV. Coloring Matters.— Curdle 150 to 200 gm. of the melted sample by 
adding an equal volume of water and 10 to 20 cc. of acetic acid. Heat the 
mixture to 70 to 80° C., stirring meanwhile and allow to cool. Continue as 
directed under Milk, page 29G. 

BUTTER 

I. Physical and Chemical Characteristics.— Butter is composed of the 
various fatty acid glycerides of milk together with water, salt, casein and 
sugar. The average composition, physical characteristics and related values 
of butter are shown in Tables 40 and 41. 

Tabu: 40. — Average Composition or Botier 

Per cent 

Water 12 00 

Fat 85 00 

Salt and ash 2 25 

Casein and sugar . . O 75 

Table 41.— Physical Constants and Related VaLueb 

Specific gravity 0 865 to 0 870 (100® C ) 

Melting-point ... 28 to 36“ C- 

Butyro refraction . . 40 5 to 40 

Refractive index 1 4527 to 1 4566 

Saponification number 220 to 241 

Iodine number . • 26 to 38 

Reichert-Meissl . . 24 to 34 

The U. S. Government requires a minimum of 82.5 per cent fat; minimum 
allowable specific gravity is 0.905 at 40° C., compared with that of water 
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at the same temperature. The U. S. Government minimum Reichert- 
Meissl number is 24. 

Oleomargarine is a mixture of fats, artificially colored to resemble butter. 
Oleomargarine has the sanction of the U. S. Government, but “butterme” 
has not. Its average composition is: 

Table 42. — Average Composition' op Oleoma boa bln* 


P«r wot 

Oleo oil 20 to 25 

Lard, neutral 40 to 45 

Butter 10 to 25 

Milk, cream, salt, etc 5 to 30 


Oleomargarine often contains cottonseed, coconut, palm kernel and 
other oils. 

Renovated, or processed butter, is the third type recognized by the 
U. S. Government; this is often referred to by the names of boiled, aerated 
and sterilized butter. 

This is rancid butter that has been heated in hot-water jackets to between 
40® and 45® C.; this causes the curd3 and brine to settle to the bottom and 
a frothy foam to rise to the top. These are removed and air is blown through 
the melted mass to remove the disagreeable odors. The melted fat is then 
churned with milk, usually skimmed, until a perfect emulsion is formed, 
then chilled. It is next allowed to drain and is "ripened” for several hours, 
then is worked free from excess milk and water, and finally salted and 
packed. The U. S. Government requirements for this type of butter are: 
A minimum of 82.5 per cent butter fat, and a maximum of 16 per cent 
water. 

II. Collection and Preparation of Sample.— By far the greatest dis- 
crepancies found in the analyses of various observers with regard to water 
content are caused by inefficient sampling and after-care of the sample. 
In sampling large bulks of butter or margarine, a piece 2 inches long by 
1 inch square is cut by means of a thin wire from the center of the mass, 
and the piece so cut lightly pushed with the finger into a dry 200-cc., wide- 

■ : : • • * . ice of the 

„ " e. A well- 

it is well 

0 r . ’ aterfrom 

the sample when melted may pass between the stopper and the neck by 
capillary attraction. The bottles containing the samples are placed in 
water, or preferably in an incubator, at 38° to 40® C. until melted. 

III. Water — Official— Into a flat-bottomed dish, place about 10 gm. 

, " ' ' T ■ this dish w eigh accurately about 

1 , . water bath. Allow to cool and 

u ... . . weight is obtained. Then 


Loss of weight (in gm.) 
Weight of sample (in gm ) X 


100 — percentage of water present 


IV. Salt — Official.— Weigh in a counterpoised beaker 5 to 10 gm. of 
butter or margarine; add about 20 cc. of hot water and after the butter has 
melted, transfer the whole to a separatory funnel. Shake for a few minutes, 
allow to stratify, then draw off the water layer, being careful that none of 
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the fat globules pass. Again add hot water, rinsing the beaker, and repeat 
the extraction ten to fifteen times, using 10 to 20 cc. of hot water each 
time. Mix the washings and determine the sodium chloride in the entire 
quantity or in an aliquot part by titrating with 0.1 N silver nitrate solution, 
using potassium chromate as an indicator. 

V. Ash.— Ignite the residue obtained above (III, Water, page 300) until 
a constant weight is obtained. 

Weight in ash 

Weight!) riample * 100 “ Percwt clash 

VI. Fat.— 1. Roese-Gottlieb Method.— Proceed as outlined under Milk, 
page 293. 

2. Direct Method — Official.— Extract the fat from the dry butter obtained 
in the moisture determination above, page 300, with anhydrous alcohol- 
free ether, or with petroleum ether, boiling-point below 65° C., receiving 
the solution in a weighed flask. Evaporate the ether, dry the extract at 
100 0 C. and weigh at hourly intervals until the weight is constant. 

VII. Total Nitrogen (Curd).— Proceed as outlined under Milk, page 291. 

VIII. Mold Mycelia.— Butter differs from most other dairy products in 
that cultures of lactic acid organisms are frequently added to cream. As a 
guide to determine the quality of c ream from which butter was manu- 
factured the microscopic mold count test may be employed. The presence 
of tlie dead mold mycelia in more than 60 per cent of the fields is con- 
sidered indicative of filthy, putrid or decomposed cream having been used 
in its manufacture. 

1. Apparatus and Reagents.— (a) Compound Microscope.— Equipped with 

good objectives ' of about 90, 180, and 

500 diameters. . jle. It is essential that 

the combination 0 -. g ' . u ' ipablc of adjustment to 

give an area of a field of view of 1.5 sq. mm. (a circle whose diameter is 
1.382 mm.). 

(6) Drop-in Cross-ruled Disk.— For estimating lengths of mold filaments, 
an ocular drop-in disk cross-ruled in sixths of the ocular diaphragm opening 
is desirable. 

(c) Howard Mold-counting Cell.— Constructed like the blood-counting 
cell but with unruled central disk about 19 mm. in diameter 

(d) Gum Solution.— Make up 1 liter of 0.75 per cent solution of carob 
bean gum or 1 per cent gum tragacantli with 2 per cent of added formalde- 
hyde as a preservative. The dry gum may be conveniently dissolved by 
first mixing it in 10 to 15 cc. of alcohol and stirring this mixture rapidly 
into tlie water. Gently heat the solution to boiling to drive off the alcohol 
and air, and continue heating for twenty-five to thirty minutes. Add the 
formaldehyde after cooling. Use the clear supernatant solution, free from 
cells, left when the cellular elements in gum gradually settle out. 

(r) Crystal Violet Solution.— Five percent aqueous solution. 

2. Procedure.— To avoid contamination with any surface mold scrape 
off and discard j inch of surface. Take the sample from the newly exposed 
surface and weigh 1 gin. of butter in a { teaspoon measure. Measure out 
7 cc. of tlie hot gum solution, am! with «poon bottom side up over a 50-cc- 
beaker, pour 2 or 3 cc. of the hot gum solution to loosen butter. Use tlie 
remainder of the hot gum solution to rinse the fat from die spoon. Add 
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1 or 2 drops of crystal violet solution and stir until the mixture is uniform 
and fat globules arc 0.1 to 0.2 mm. in diameter. 

Clean the special Howard cell so that Xcu ton’s rings are produced 
between slide and cover glass. Remove co\ er and place a small drop of the 
well mixed sample upon the central disk; using a knife blade or scalpel, 
spread the drop evenly over the disk and cover so as to gi\ e an even spread. 

It is of utmost importance that the drop be taken from a thoroughly 
mixed sample and spread evenly over the slide disk. Others ise, when the 
cover slip is put in place the insoluble material, and consequently the 
molds, may be more abundant at the center of the mount. Avoid using a 
drop that is much greater than is sufficient to fill the space between center 
disk and cover slip. Discard any mount showing uneven distribution, 
absence of New ton’s rings, or liquid that has been drawn across moat and 
under cover glass. 

Place the slide under the microscope and examine with such adjust- 
ment that each field of view covers 1.5 sq. mm. When the instrument is 
properly adjusted, the quantity of liquid examined per field is 0.13 cram. 
(0.00015 cc.). 

From each of two or more mounts examine at least 25 fields taken in 
such a manner as to be representative of all sections of the mount. Obsene 
each field, noting presence or abscenee of mold filaments and recording 
• \ ■ ' ’ ’ • e 

. . ■ ■ ■' e 

3. Calculation.— Calculate the proportion of positive fields from the 
results of examination of all observed fields and report as percentage of 
fields containing mold filaments. 

IX. Preservatives.— In the past, boron compounds have been the most 
commonly used preservatives in butter and margarine. 

Melt a portion of the sample, about the size of a pea, in a small crucible 
Hd on the water bath, add 1 drop of strong hydrochloric acid, stir with a 
glass rod and add 5 to G drops of a saturated solution of turmeric. A rose- 
red color, immediately forming as the edges dry, indicates the presence of 
boron compounds, the color changing to a purple-green upon the addition 
of 1 drop of ammonia. This method will detect 0.02 per cent boric acid with 
certainty. 

For other preservatives, proceed as under Milk, page 295. 

X. Coloring Matters. —The complete examination for coloring matter in 
butter involves a complex examination outside the scope of this work and 
reference should be made to the texts listed at the end of this Chapter. 

The following simple methods, however, will give useful information as 
to the general nature of coloring matters in butter and margarine: 

1. Annatto.— Shake a few gm. of clear filtered fat with about 5 cc. of 
warm 10 per cent sodium hydroxide solution. Filter the mixture, keeping 
the filter and mixture warm. Pour the melted fat off the filter paper and 
gently wash with cold water. In the presence of annatto, the paper will 
be stained a reddish-yellow of an intensity dependent upon the quantity 
of annatto present. Dry the filter paper and moisten with 1 drop of a 5 per 
cent solution of citric acid; a pink color will be produced even when there 
is not sufficient annatto to produce a definite yellow stain. 
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2. Azo-Dyes.— (a) Doolittle Method .— Place 2 gin. of the filtered fat in 
each of 2 test tubes and add 5 cc. of petroleum ether to prevent solidification 
of the fat. To one tube add 1 cc. of hydrochloric acid, diluted 1 to 3; to the 
other tube add 1 cc. of 10 per cent potassium hydroxide solution; shake 
both tubes thoroughly and allow to stand. If an azo-dye be present, the 
lower layer in the hydrochloric acid tube will be pink, while that in the 
potassium hydroxide tube will remain colorless. 

(6) Low Method . — Mix 1 cc. of the melted fat with 1 cc. of a mixture of 
1 part of concentrated sulfuric acid and 4 parts of glacial acetic acid and 
heat to the boiling-point with constant shaking. In the presence of azo- 
dyes the acid solution on settling out will be colored pink or reddish. 

XI. Added Foreign Fats.— In determining whether the fat present in a 
butter is pure butter fat, or whether foreign fats or oils have been added, 
several tests are of value. Examination is usually made for the presence 
of margarine fats. Coconut oil is probably seldom used, per se, but on 
account of the use of large quantities of this fat and of palm kernel oil in 
many modern margarines, these may be found as adulterants. On account 
of the wide variations in the figures obtained for pure butter fat, the greater 
number of tests are of little, or no value by themselves and have only a 
cumulative significance. It is necessary, therefore, to employ those tests 
which will yield the most valuable information. The indications derived 
from the determination, of the Reichert-Meissl-Polenske-Ivirschncr figures 
and of the baryta value by the method of Ave Lallemant, supported by 
qualitative tests, will give all the information with regard to adulteration 
of which present analytical methods are capable. 


Table 43 —Constants of Better Fat and Oleomargarine 


Butter fat maximum 

w 

0 870 

Hehner 

number 

89 6 

Sapomfi. 

number 

233 

Butter fat minimum 

0 867 

85 6 

222 

Oleomargarine maximum 

0 862 

95 5 

203 

Oleomargarine minimum 

0 853 

92 5 

192 


Reichert- 
Mei»-j 
number 
34 86 
22 70 
5 50 
0 50 


Refractive 
3S* C 
1 4578 
1 4557 
1 4025 
1 4613 


Table 44 — Effect of Added Foreign Fats 

Sapomfi- 

Hehner cation 

number number 


Reichert. 

Mens) 

number 


Purs butter . 

Butter, 95% ; foreign fat, 
Butter, 90% ; foreign fat, 
Butter, 85% ; foreign fat. 
Butter, 80%; foreign fat, 
Butter, 75%; foreign fat, 


. 88 00 

5% . 88 35 

10% 88 70 

15% . 89 05 

20% 89 40 

25% . . 89 75 


224 0 26 0 
222 6 24 7 
221 2 22 2 
219 8 20 9 
218 4 19 6 
217 0 18 3 


A. Reichert-Meissl-Polenske-Kirschner Values.— This process is based 


of glycerides of these water- insoluble volatile acids, shows a small Polenske 
value relative to the Reichert-Mcissl value whereas coconut products, 
which are largely made up of them, give a high Polenske value. The addi- 
tion of coconut or palm kernel oil or their products to butter, therefore, 
depresses the Reicliert-Meissl value and decidedly raises the Polenske value. 
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1. Reagents.— (a) Glycerol. 

(6) Sodium Hydroxide: 50 per cent solution. 

(c) Sulfuric Acid.— Sixty gm. diluted to 1000 cc. and the solution adjusted 
so that 35 cc. neutralizes 2 cc. of the concentrated sodium hydroxide. 

(tf) Barium Hydroxide: 0.1 N. 

(e) Ethyl Alcohol: 95 per cent. 

if) Silver Sulfate. 

(g) Phenolphthalein Indicator: 1 per cent solution. 

2. Procedure.— (a) Itcichcrt-Meissl Value.— Weigh 5 gm. of the sample 
and 20 gm. of glycerol into a 300-cc. flask and add 2 cc. of concentrated 
sodium hydroxide solution. Heat the flask over a flame, with constant 
shaking, until the contents clear suddenly. Allow the flask to cool some- 
what, and add 100 cc. of recently well-boiled, distilled water. Arrange a 
distillation apparatus with the condenser placed vertically and connect the 
flask immediately after adding 0.1 gm. of powdered pumice, and 40 cc. of 
tlie sulfuric add solution. Heat over a small flame until the insoluble acids 
are completely melted; then increase the flame and distil 110 cc. in nineteen 
to twenty-one minutes. After the 110 cc. have been distilled, remove the 
flame and place a 25-cc. cylinder to catch any drops from the condenser. 
Cool the distillate in water at 10° to 15° C. for fifteen minutes. Filter and 
titrate 100 cc. with 0.1 N barium hydroxide using 0.1 cc. of phenolphthalein 
indicator. 

(5) Polenske Value. — Wash the condenser, cylinder and 110-cc. flask 
with 18 cc. of cold water; pour this over the filter used to filter the distillate 
and reject. Now wash the condenser with four successive portions of 
10 cc. of neutral 95 per cent ethyl alcohol. Pour this over the filter and 
receive it in the 110<c. flask. Titrate the mixed alcoholic solutions with 
0.1 N . ■ 

to - ■ ■ 

0.1 N I . „ w , • ' 0 . . ; 

sulfate. Allow to stand for one hour with occasional shaking. Filter, 
measure off 100 cc. and add 35 cc. of water and 10 cc. of sulfuric acid solu- 
tion together with a long piece of aluminum wire. Again distil 110 cc. 
Titrate 100 cc. of this distillate with 0.1 N barium hydroxide, using phenol- 
phthalein as an indicator. 

Blank determinations on all reagents must be run in an identical manner 
using 5 gm. of water instead of the sample, following in detail the pro- 
cedures above. 

3. Calculation.— The number of cc. of 0.1 N barium hydroxide used in 
the first titration, increased by one-tenth, after subtraction of the blank 
determination, is the Reichert-Meissl value. 

The number of cc. of 0.1 N barium hydroxide used, less the number 
used for the blank, in the second titration gives the insoluble fatty acids 
or the Polenske value. 

The number of cc. used, corrected for the blank, in the third titration 
is calculated to the Kurschner value by the following formula: 

x. 121 ( 100 + v) 

K “ 10,000 

where x = the corrected Kirschner titration and 

y = the number of cc. of 0.1 N barium hydroxide solution used 
to neutralize the 100 cc. of solution used in the first titration. 
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Note.— T he use of benzoic acid as a preservative in butter or margarine 
has a decided effect upon the above values. This effect may be removed by 
washing the fat with a solution of sodium bicarbonate. Shake violently 
50 gm. of the melted sample for five minutes with 150 cc. of a 5 per cent 
sodium bicarbonate solution. After the fat separation, wash once with 
150 cc. of warm water. Filter and render the fat water-free. 

* B. Saponification Number. Koettstorfer Number.— The saponification 
number of a fat or of an oil is the number of milligrams of potassium 
hydroxide consumed in saponifying 1 gm. of that fat or oil. 

1. Reagents.— (a) Alcoholic Potassium Hydroxide: 0.5 N (1 cc. — 

0.02S055 gm. KOH). Purify the alcohol as follows: Dissolve 2.5 gm. of 
silver nitrate in 5 cc. of distilled water and add to it 1200 cc. of alcohol. 
Dissolve 5 gm. of potassium hydroxide in 25 ec. of warm alcohol, cool 
and add slowly, without agitation, to the silver nitrate solution. Allow 
to stand overnight, or until the silver oxide precipitate has completely 
settled. Filter and distil off the alcohol. 

Dissolve 35 gm. of potassium hydroxide in 20 cc. of distilled water and 
add sufficient purified alcohol to make 1 liter. Stopper with a rubber 
stopper. Allow to stand in a cool, dark place for twenty-four hours. Decant 
the clear liquid and titrate against 0.5 N hydrochloric acid, using phenol - 
pUtlialein as an indicator, using as the end point the production of a red 
color that persists for two minutes. Adjust the volume of this solution 
according to tins titration. This solution must be protected against the 
possibility of absorbing carbon dioxide. 

(6) Hydrochloric Acid: 0.5 N. 

(c) Phcnolphthalcin Indicator: 1 per cent alcoholic solution. 

2. Procedure.— In a flask of 200 to 250-cc. capacity weigh accurately 
1.5 to 2 gm. of fat or oil under examination, add 25 cc. of the alcoholic 
potassium hydroxide solution and boil under a reflux condenser for thirty 
minutes, rotating the contents of the flask frequently during this period. 
Add 1 cc. of phenolphthalein indicator and titrate with 0.5 N hydrochloric 
acid. 

A control or blank test should also be run, ami the necessary corrections 
made In the following calculation. 

3. Calculation.— The difference in the number of cc. of acid required for 
the fat and the blank is multiplied by 2S.033 and divided by the weight, 
in grams, of fat taken for analysis; the resulting number is the saponifica- 
tion number. 

C. Iodine Number.— The iodine number is the numlH-r of grams of 
iodine absorbed by 100 gm. of the fat or oil. 

1. Reagents.— (a) Io>line Uromulc Solution (Haims' solution).— Disjoin* 
13.2 gm. of pure iodine in l liter of glacial acetic acid and add 3 cc. of 
bromine. 

(6) Potassium Iodide Solution: 13 per cent aqueous solution. 

(c) Sodium Thiosulfate Solution: 0.1 X.— Dissolve 21.S20 gin. of sodium 
thiosulfate crystals, Xa-S-CVoHsO, in water and make up to 1 liter. One cc. 
of this solution equals 12.092 mg. of iodine. 

(d) Chloroform. 

(c) SftirtfA Indicator Solution. 

2. Procedure.— Into a 250-cc. gl.ii»-*toppcml flask ««r l*>ttic weigh 
accurately about 0d> gm. of the fat, dissolve it in about 10 cc. of chloroform 

20 
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and add exactly 25 cc. of iodine bromide solution from a buret. Stopper the 
flask or bottle securely and set aside for thirty minutes in a cool, dark 
place. The brown color of this mixture must persist during this period; 
if it does not, with the quantities given above, start a new test using a 
smaller weight of the fat. Add 10 cc. of potassium iodide solution and 
100 cc. of water and titrate with 0.1 N sodium thiosulfate solution until 
the color of the free iodine is just discharged. Some prefer to use starcH 
solution to give a sharp end point; if it is used, it must not be added to 
the solution until the color of the free iodine b nearly discharged. Starch 
strikes a blue color with free iodine and, when used as an indicator, the 
end point b the discharge of this color. 

A blank test should be run with each test or group of tests, and the 
result of this blank used to correct the test made with those reagents. 

3. Calculation. — The difference between the number of cc. of 0.1 N 
sodium thiosulfate solution required in the titration of the fat, and the 
number used in the blank test, is multiplied by 1.2692 and divided by the 
weight, in grams, of the fat examined. Thb b the iodine number. 

D. Hehner Number.— The Hehner number b the percentage of insoluble 
fatty acids obtained from a fat or oil. 

1. Reagents.— (a) Potassium Hydroxide: 1 to 1 aqueous solution. 

(6) Ethyl Alcohol: 95 per cent. 

(c) Hydrochloric Acid: specific gravity 1.12. 

2. Procedure.— Weigh 2 to 3 gm. of the melted sample into a 500-cc. 
beaker, add 1 cc. of the potassium hydroxide solution and 20 cc. of 95 per 
cent ethyl alcohol. Cover the beaker with a watch glass and heat on a 
water bath until the liquid b clear and homogeneous. Evaporate off the 
alcohol and dissolve the soap formed in about 400 cc. of warm dbtilled 
water. Add 10 cc. of hydrochloric acid, and heat the beaker in the water 
bath almost to boiling until the clear oil floats. Dry and weigh a thick 
filter in a small covered 

forms a solid cake on top. : : : . ■ ‘ 

fat upon the weighed filte.. V. ^ u . ■ ' ■ 

water, then wash out the fat adhering to the beaker with boiling water, 
which b poured through the filter, taking care that the filter b never more 
than two-thirds full. If the filter paper b of good texture and wet before- 
hand, it will retain the fatty acids completely. If, however, oily particles 
are noticed in the filtrate, cool it by adding pieces of ice, remove the solidi- 
fied particles with a glass rod and transfer to the filter. Cool the funnel by 
plunging it into cold water, remove the filter, place it in the weighing beaker, 
and dry it at 100° C. to constant weight. 

3. Calculation.— The percentage of insoluble fatty acids, which includes 
the small amount of unsaponifiable matter, varies from 36.5 to S3 in butter 
fat; other fats and oils give values between 94.5 and 96. 

E- Refractive Index.— Place a drop of melted fat on the under glass 
wedge of the refractometer, clamp and adjust the shadow to the center of 
the hair lines of the instrument. The scale reads the index of refraction. 


Tablk 45. 


HdruDn index 

Natural butter .... 1 4590 to 1 4620 

Oleomargarine 1 4650 to 1 4700 

Mixtures 1 4620 to 1 4690 


Butyro- 

rtbxetotaeler 

49 5 to 64.0 
68 6 to 66 4 
64 0 to 64.8 
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This physical property is very helpful in determining the purity of many 
substances. 

Refractive indices and butyro-refractometer readings at 25° C. accord- 
ing to Wollny, are given in Table 45. 

F. Microscopic Examination.— Place on a slide a small portion of the 
fresh, unmelted butter taken from die inside of the mass, add a drop of 
pure olive oil, apply a cover glass widi gentle pressure, and examine with 
magnification of 120 to 150 diameters for crystals of lard, etc. Examine 
the specimen with polarized light and a selenite plate w idiout the use of 
oil. Pure fresh butter will show neither crystals nor a parti-colored field 
with selenite. Renovated butter or other fats melted and cooled and mixed 
with butter will usually present crystals and variegated colors with the 
selenite plate. 

For further microscopic study, dissolve in a test tube, 3 to 4 cc. of the 
melted fat in 15 cc. of ether. Close the tube with a loose plug of cotton 
and allow to stand for twelve to twenty-four hours at 20° to 25° C. When 
crystals form at die bottom of the tube, remove widi a pipet, place on a 
slide, cover and examine under the microscope. Tiic crystals formed by 
later deposits may be examined in a similar manner. Compare w ith crystals 
obtained in the same way from samples of known purity. 

G. Foam Test.— Heat 2 to 3 gm. of the sample, in either a spoon or dish 
over a free flame. True butter will foam abundantly, whereas process butter 
will bump and sputter like hot grease, without foaming. Oleomargarine 
behaves like process butter but chemical tests will determine whether the 
sample is oleomargarine or butter. 

XII. Rancidity.— The production of rancidity is due to two main causes, 
hydrolysis of the glycerides and oxidation of the unsaturated fatty acids. 

Kerr’s Modification of Krais’ test, one of the most satisfactory tests for 
rancidity, is as follows: 

Shake vigorously 10 cc. of the melted fat for thirty seconds widi 10 cc. 
of concentrated hydrochloric acid, specific grouty 1.19. Add 10 cc. of 
0.1 per cent solution of pliloroglucinol in ether ami shake the mixture. If 
no red or pink color develops in the acid layer, the sample is passed as 
satisfactory; if a color develops, the sample is diluted widi a non-reacting 
substance such as kerosene until no such color appears. A positi\c test in 
a dilution of 1 part of fat in 20 parts of kerosene would indicate a degree 
of rancidity evident to taste and smell. 

MEAT AND MEAT PRODUCTS, ETC. 

I. Preparation of Sample.— Fresh, dried and smoked meats are separated 
from bone and passed rapidly through a food chopper three times, mixing 
thoroughly after each grinding. The entire contents of a can in the case 
of canned meats are similarly ground. Remove the casings from sausages 
and grind in die same manner. Fur meat food products die "Waring 
Ulcudor" is the easiest and the most convenient to use as it gives a homo- 
geneous mass for anal} sis. 

II. Added Water in Sausage, etc.— I. Moisture.— Weigh accurately 
about 10 gm. of the ground sample into a tarvd weighing-bottle, about 
2 inches in diameter, containing a short gla^J rod fattened at one end 
Remove 2 to 3 gm. for protein determination. Hcwcigh die remainder in 
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the bottle, spread it out in a thin layer over the sides and bottom of the 
bottle by means of the glass rod, and dry at atmospheric pressure at 
101° to 102° C. for sixteen to eighteen hours, or at 125° C. (not lower than 
120° C. nor more than 130° C.) for two to three hours to practically con- 
stant weight. 

2. Nitrogen. — Determine as for Milk on page 291, using the portion 
removed in I, above. Calculate the protein by multiplying the total 
nitrogen by 6.25. 

3. Added Water.— Multiply the percentage of protein calculated from 
the nitrogen determination by 4 and subtract the result from the per- 
centage of moisture found. Report the difference, if any, as added water. 

III. Crude Fat in Sausage — Official.— 1. Reagents.— (a) Ethyl Ether, 
anhydrous. 

(6) Pctroleuvi Ether. — Boiling range 30® to 65° C. 

2. Procedure.— Weigh 5 to 7 gm. of the prepared sample of meat into a 
previously weighed thimble and dry at 100° C. for at least two hours. 
After drying, the thimble is placed in the extractor of the Soxhlet extrac- 
tion apparatus and to the flask are added 50 cc. of ethyl ether and 50 cc. 
of petroleum ether. Allow the extraction to proceed for sixteen hours 
after which time the flask will contain the ethers and the fat. The ethers 
are vaporized on a water bath and the flask is then placed in an oven 
(100® C.) for a period of one and a half hours. Cool in a desiccator and 
weigh. The fat is rinsed out with petroleum ether, the flask dried in an 
oven, cooled in a desiccator and weighed. 

3. Calculation.— 

Weight o£ f*t 

We.eht of sample X 100 ” Percentage of fat 

IV. Determination of Salt in Meat.— 1. Reagents.— (a) Silrer Nitrate— 
0.1 N solution. 

(6) Nitric Acid— concentrated. 

(c) Potassium. Permanganate— 5 per cent aqueous solution. 

(d) Ethyl Ether. 

(e) Potassium Thiocyanate— 0.1 N solution. 

(f) Ferric Ammonium Sulfate— saturated aqueous solution. 

2. Procedure.— Weigh 2.5 to 3 gm. of the finely ground and thoroughly 
mixed sample into a 250-cc. flask and add 50 cc. of 0.1 N AgNOj solution, 
thoroughly wetting the meat. This should be added either by means of a 
buret or a pipet. Add 15 cc. of nitric acid, heat to boiling and allow to 
boil briskly until the meat is completely disintegrated (about ten minutes). 
Add potassium permanganate solution in successive small amounts by 
means of a pipet until the solution becomes colorless or nearly so. Add 
25 cc. of water and boil for approximately fifteen minutes. Cool and dilute 
to a volume of about 150 cc. Add 25 cc. of ethyl ether to dissolve the sepa- 
rated fat and shake. Add 1 cc. of ferric ammonium sulfate indicator and 
titrate with 0.1 N potassium thiocyanate until the first brownish color 
change is noted that persists for thirty seconds. 

3. Calculation.— Subtract the number of cc. of potassium thiocyanate 
from 50, the cc. of AgXOj used. The remainder multiplied by 0.00585 
and by 100 divided by the weight of the sample gives the percentage of salt. 
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V. Starch in Sausage, etc. A. Qualitative Test — Tentative.— Treat 
5 to 6 gm. of the sample with boiling water for two to three minutes, cool 
the mixture, and test the supernatant fluid with an iodine solution pre- 
pared by dissolving 0.5 gm. of iodine and 2 gm. of potassium iodide in 
150 cc. of water. 

A small quantity of starch may be present from the use of spices, but 
a marked reaction indicates that starch or flour has been added. Micro- 
scopic examination will disclose the variety. 

B. Quantitative Method (McVey). — 1. Reagents. — (a) Potassium Hy- 
droxide Solution—8 per cent solution of KOH in 95 per cent alcohol, 

(6) Hydrochloric Add Solution— 5.7 N. 

2. Procedure.— Using a balance sensitive to 0.1 gm., weigh 10 gm. of the 
comminuted and mixed meat into a 150-cc. beaker. Add 50 cc. of KOH 
solution, break up lumps with a stirring rod, and heat on a steam bath for 
thirty to forty-five minutes, or until the product has been completely dis- 
integrated. Dilute with 40 to 50 cc. of 95 per cent ethyl alcohol, and add 
with stirring, about 1 gm. of “filter-cel,” of a grade unaffected either by 
dilute HC1 or dilute KOH solution. After a few minutes, filter with the 
aid of suction through a Gooch crucible fitted with a disk of filter paper, 
wash thoroughly with 95 per cent ethyl alcohol, and suck as dry as pos- 
sible. Holding the crucible and contents inverted over the same beaker 
used for the digestion, disjodge the contents by tapping the sides of the 
crucible. Remove any material remaining in tlic crucible by means of a 
small piece of filter paper, and add the paper to the material in the beaker. 

Add 5.7 N HCl in small portions to the ccreal-filtcr-cel mixture in the 
beaker while stirring or kneading the mass with a stirring rod until the 
contents assume a creamy consistency. Transfer the contents, together 
with the fragments of filter paper, quantitatively to a 100-cc. volumetric 
flask with the aid of a jet of 5.7 N HCl from a small wash bottle, and add 
more of the HCl if necessary to make a volume of 50 to GO cc. in the flask. 


In another Gooch crucible prepare a moderately thin asbestos mat, fill 
tlic crucible about two-thirds full of filter-cel, dry at 100° C., and when 
cool tare on an analytical balance. By means of a graduate measure 115 cc. 
of 95 per cent ethyl alcohol into a 250-cc. beaker. Pipct a 50-cc. aliquot 
of the filtered starch solution into tlic alcohol and stir vigorously. Then 
before the precipitated starch has coagulated or settled, pour tlic filter-cel 
from the tared crucible into the alcohol-starch mixture and again stir 
thoroughly. Allow to settle for about five minutes, then using suction 
filter through the tared Gooch crucible, wash thoroughly with 95 per cent 
alcohol, using a rubber-tipped stirring rod, if necessary’. to dislodge all 
starch material from die sides of die beaker. Dry overnight at 100° C., 
or for one and a half hours at 125° C., cool in a desiccator, and weigh 
immediately on removal from the desiccator, as die material is hygroscopic. 

3. Calculation.— Multiply the weight of starch found by 20 to obtain 
the percentage of starch in the sample. To obtain die percentage of cereal, 
multiply die per cent of starch found by the appropriate factor (die 
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reciprocal of the proportion of starch in the particular cereal product used), 
which in the case of com flour is 1-27. 

VI. Determination of Nitrates — Tentative — Xylenol Method.— 1. Appa- 
ratus and Reagents. — Use a simple distilling apparatus including a distilla- 
tion bulb. A glass condenser of a type utilizing a rapidly moving film of 
water as a cooling medium is recommended. Quickly remove any rntro- 
xylenol solidifying in the condenser by stopping the flow of water and 
allowing the condenser to become warm. 

(a) Meta-xylenol (1-hydroxy, 2, 4-dimethylbenzene). (Eastman's prepara- 
tion Xo. 1150 or equivalent.) 

(b) Siher Ammonium Hydroxide.— Dissolve 5 gm. of nitrate-free AgjSCh 
in 60 cc. of XH t OH. Heat to boiling, concentrate to about 30 cc., cool, 
dilute to 100 cc. with H;0. 

(c) Bromcresol Green Indicator. — Dissolve 0.1 gm. of bromcresol green 
in 1.5 cc. of 0.1 N XaOH and make up to 100 cc. with H 2 0. 

(d) Standard Xitrale Solution.— Dissolve 0.IS04 gm. of recrystallized 
KXOj in HiO and make up to 1 liter, or dilute 17.S5 cc. of 0.1 X HNOj to 
1 liter. Ten cc. contain 0.25 mg. of nitrate nitrogen. 

(e) Xitrate-free Water.— Add several crystals of KMhO« and several 
pellets of XaOH to distilled water and redistil. 

2. Procedure.— ilix 5 to 10 gm. of finely comminuted and thoroughly 
mixed sample with 80 cc. of warm H 2 0. Break up all lumps and heat on 
the steam bath for one hour, Stirling occasionally. Transfer to a 10G-ce. 
volumetric flask, cool, make up to the mark, and mix. Filter or allow to 
settle, and pipet 40 cc. of filtrate, or supernatant liquid, into a 50-cc. 
\olumetric flask. Add 3 drops of bromcresol green indicator. Add H*SOi 
(1 -f 10) dropwise until the color changes to > ellow. Oxidize nitrites to 
nitrates by adding 0.2 X KMnO« solution dropwise with shaking until a 
faint pink color remains fifteen to thirty seconds. Add 1 cc. of H2SO4 
(1 + 10) and 1 cc. of phosphotungstic acid solution (20 gm. n 100 cc.). 
Make up to the mark, mix and filter. 

Measure into a 500-cc. Erlenmeyer flask an aliquot (not more than 
20 cc.) containing from 0.005 to 0.15 mg. of nitrate nitrogen. If more 
than 20 cc. are required, make slightly alkaline and concentrate by evapora- 
tion. Add a sufficient quantity of silver ammonium hydroxide solution 
to precipitate all chlorides and most of the excess phosphotungstic acid. 
A slight excess of silver reagent is not harmful; 1 or 2 cc. are usually suf- 
ficient. Without decanting or filtering, add a volume of HjSO* (3 + 1) 
approximately three times the volume of the liquid in the flask. Stopper, 
mix, cool to about 35° C., add 0.05 cc. (1 to 2 drops) of m-xylenol, stopper, 
shake, and hold at 30° to 40° C. for thirty minutes. A yellow to brownish 
color, indicative of nitrates, will appear. A bright red precipitate, due to 
incomplete removal of phosphotungstic acid, may also appear. 

After nitration is complete, add 150 cc. of H : 0, taking care to wash off 
the stopper and distil until 40 to 50 cc. have passed over into the receiver 
containing 5 cc. of XaOH (10 gm. per liter). Transfer the distillate to a 
100-cc. volumetric flask, make up to volume with HjO, and determine the 
nitrate nitrogen by comparing the color of a suitable aliquot with a set of 
graded color standards containing 0.003-0.006 mg. of nitrate nitrogen. 

Prepare the color standards from 1, 2 and 3 cc. respectively of the 
standard nitrate solution. Treat each one in the same manner as the 
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unknown, beginning with “ without decanting or filtering add a volume of 
H 2 SO 4 (3 4* 1), etc., etc./' using 30 cc. of H 2 SO 4 (3 + 1) and 0.05 cc. of the 
meta-xylenol. Make each distillate up to 100 cc. Prepare fresh color 
standards each day since they become cloudy on standing. 

Compare the unknown with the standards using Nessler tubes. If it is 
necessary to dilute the unknown to obtain a color match, the dilution 
should be made with a solution prepared exactly as the standards are, 
using water instead of the standard nitrate solution. 

3. Calculation.— Calculate the amount of nitrate present in parts per 
million. 

VII. Determination of Nitrites (Applicable to Cured Meat) — Tentative. 
— 1. Reagents.— (a) Mercuric Chloride Solution— saturated solution. 

(6) Sulfanilic Acid Solution. — Dissolve 1 gm. of sulfanilic acid in hot 
water, cool, and dilute to 100 cc. 

(c) Alpha-naphthylaminc Hydrochloride Solution.— Boil 0.5 gm. of the 
salt with 100 cc. of H s O, kept at constant volume, for ten minutes. 

(d) Standard Nitrile Solution.— Dissolve 1.1 gm. of AgX0 2 in NOj-frec 
water, precipitate Ag with NaCl solution, dilute to 1 liter, mix and allow 
to settle. Dilute 100 cc. to 1 liter and then 10 cc. of this solution to 1 liter, 
using in each case NOr-frcc water. One cc. of the last solution = 0.0001 
mg. of nitrogen or 0.0005 mg. of NaNOj. 

(c) Nitrite-free Water.— Add several crystals of IvMnO« and several 
pellets of XaOII to distilled water and redistil. 

2. Procedure.— Weigh 5 gm. of finely comminuted and thoroughly mixed 
sample into a 50-cc. beaker. Add about -10 cc. of nitrite-free II 2 0 heated 
to 80° C. Mix thoroughly by stirring with a glass rod, taking care to 
break up all lumps, and transfer to a 500-cc. graduated ilask. Wash out 
tlie beaker and rod thoroughly with successive portions of hot II 2 0, adding 
all washings to the llask. Add sufficient hot water to bring the contents 
of the flask to n \oluinc of about 300 cc., and place the flask on a steam 
bath. Let stand for two hours, shaking occasionally. Add 5 cc. HgCU 
solution and mix. Cool to room temperature, make up to the mark with 
nitrite-free water, and mix again. 

Place 100 cc. of sample in a 100-cc. Xcsslcr tube and add IIC1 dropwisc 
until the sample shows an acid reaction to litmus. Add 1 cc. of sulfanilic 
acid and 1 cc. of the alpha-naphthv laminc hydrochloride solution, and 
thoroughly mix. Set aside for thirty minutes with other Xcsslcr tubes 
containing known quantities of the standard nitrite solution made up to 
100 ec. with XOrfree IljOaml acidified with 1ICI, treated with the sulfanilic 
acid ami the alpha-naphthv laminc In drochloride solutions in the same 
manner us the sample. 

3. Calculation.— Determine the quantity of X by comparing the depth 
of putk color in known and unknown and report results as parts of XaXOj 
j>cr million. 

VIII. Detection of Soybean in Meats in the Presence of Cereal (McVej 

— unpublished).—!. Reagents. — (u) Akvhulic Vviatsiuu Dis- 

solve S gm. uf KOI! in gm. of U5 per cint alcohol. 

(1) Ethyl Alcohol— 25 per rent- 
'd. Procedme.-Trv.it 10 gm. of finely ground meat with alcoholic KOI! 
and heat on a water lath until the mc.it lias di-in leg rut id; usually forty- 
five minutes arc suffiiunt. Transit r the liquid and residue to a 1 <aHc. 
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graduated sedimentation tube, make up to 100 cc. with 95 per cent ethjl 
alcohol, and allow to settle. Decant off the supernatant liquid as com- 
pletely as possible and cover the residue with 40 to 50 cc. of warm water. 
Stopper the tube and shake vigorously, allow to stand for a few minutes 
until the foam subsides, then transfer to a 50-cc. centrifuge tube, and 
centrifugalize for five minutes. Pour off and discard the supernatant 

}per and shake, or mix the 
15 cc. of 25 per cent ethj 1 
_ 'e minutes. Pour off the 

supernatant liquid and examine the residue under the microscope for the 
characteristic “ hour-glass ” cells, preferably with the use of polarized light. 

IX. The Detection of Dried Skim Milk in Meat Products.— As meat 
and meat products normally do not contain lactose, the lactose added in 
the form of dried skim milk may be detected by the formation of lact- 
osazone, the crystals being easily recognizable under the microscope. Lact- 
osazone crystallizes in "hedgehog” clumps with projecting spines, uhich 
usually, although not always, terminate in long hair-like appendages. 

1. Reagents.— (a) Alumina Cream .— Prepare a cold saturated solution 
of alum in HiO. Add NH 4 OH with constant stirring until the solution is 
alkaline to litmus, allow the precipitate to settle, and wash by decantation 
with H 2 0 until the wash water gives only a slight test for sulfate with 
BaCh solution. Pour off the excess of H-O and store the residual cream in 
a stoppered bottle. 

(6) Glacial Acetic Acid. 

(c) Phenylhydrazine Hydrochloride, 
id) Sodium Acetate. 


tion ■with the aid of a separatory funnel. To 25 to 30 cc. of the aqueous 
solution add 10 cc. of alumina cream, shake, allow to stand a few minutes, 
and filter through a wet filter paper. Add 25 cc. of the filtrate to 1 gni. of 
good adsorbent charcoal in a 125-cc. Erlenmeyer flask, shake vigorously, 
boil a few seconds, cool thoroughly, and allow to stand ten minutes, with 
frequent shaking. Filter with suction through a Gooch crucible containing 
a disk of filter paper. Wash with 2 to 3 cc. of water and suck dry. Transfer 
the charcoal from the crucible to a 125-cc. Erlenmeyer flask, add 10 cc. 
of water and 1 cc. of glacial acetic acid, and boil for about ten minutes. 
Filter the hot mixture through a small filter paper into a large test tube 
containing 0.5 gm. of pure phenylhydrazine hydrochloride with 2 gm. of 
sodium acetate. Place tube in a boiling water bath, and, after a few minutes, 
mix by shaking, and heat for forty-five minutes. Remove the tube from 
bath, filter while hot, and allow to stand at room temperature at least one 
hour. If no crystals have formed after one hour, stopper the tube and 
allow to stand until crystals form. The test may be considered negative 
if no lactosazone crystals form after standing eighteen hours. Pipet off a 
little of the deposit, if any, on to a microscope slide, cover with a cover 
glass and examine under magnification of 100 to 500 diameters. 

X. Preservatives — Official. — 1. Formaldehyde.— Macerate 200 to 300 gm. 
of sample with 100 cc. of nater in a mortar. Transfer to a 500- to 
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SOQ-cc. short-necked, pyrex distilling flask, make distinctly acid with 
phosphoric acid, connect with a condenser, and distil 40 to 50 cc. 

Proceed with this distillate as on page 295. 

2. Salicylic Acid.— Grind the meat sample and mix thoroughly. Transfer 
50 to 200 gm. to a 500-cc. flask, add water to make a volume of about 
400 cc., and shake until the mixture is uniform. Add 2 to 5 gm. of calcium 
chloride and shake until dissolved. Make distinctly alkaline to litmus 
with 10 per cent NaOH solution. Shake thoroughly at intervals over a 
period of two hours, and then filter. 

Using the filtrate, or a part thereof, proceed as on page 295, with ether 
extraction after acidifying the solution by adding one-tenth its volume of 
hydrochloric acid, 1 part of concentrated acid to 3 parts of water. 

3. Benzoic Acid. —Using the filtrate as prepared above, proceed as on 
page 295. 

4. Boric Acid and Borates.— Heat the ground sample with sufficient water 
to make a fluid mass, acidify with hydrochloric acid, using 7 cc. of con- 
centrated acid to each 100 cc. of sample and proceed as on page 290. 

LARD 

The determination of the Reichert-Meissl-Polenske-Kirsclmer values, 
saponification number, iodine number, Hehner number, refractive index 
and the microscopic examination may be made in the same manner as 
given for Butter, pages 303 to 307. 

In addition employ the following procedure in checking possible adul- 
teration: 

1. Detection of Foreign Fats Containing Tristearin.—l. Reagents.— (a) 
Acetone • C.P. 

(6) Ether: Ethyl. 

(c) Potassium Hydroxide: 0.5 N alcoholic solution. 

2. Procedure.— Weigh 5 gm. of the melted lard into a 25-cc. glass- 
stoppered cylinder and add warm acetone to the 25-cc. mark. Shake until 
thoroughly mixed and allow to stand for eighteen hours at a temperature 
of 30° C. Carefully decant the acetone from the mass of crystallized 
glycerides, which are usually found in a firm mass at the bottom of the 
cylinder. Add warm acetone in three portions of 5 cc. each from a small 
wash-bottle, taking care not to break up the deposit while washing, and 
decant the first two washings. Shake the third portion in the cylinder, 
and by a quick movement transfer with the crystals to a small filter paper. 
Wash the crystals with five successive small portions of warm acetone and 
remove the excess acetone by suction. Spread the paper with the crystals 
on a clean dry glass plate and break up die lumps by gentle pressure with 
a spatula. When dry, thoroughly pulverize the mass and determine the 
inciting point in a sealed 1-mm. capillary tube. A melting point below 
03° C. is regarded as evidence of adulteration; below 03.4° C. is suspicious. 

Transfer the mass of crystals to a 50-cc. beaker, add 25 cc. of 0.5 N 
alcoholic KOH and heat on a steam bath until saponification is complete. 
Pour the solution into a separatory funnel containing 200 cc. of water, 
acidify, add 75 cc. of ether and shake. Draw off the acid layer and wash 
the ether solution at least three times with water. Transfer the ether solu- 
tion to a clean dry 50-cc. beaker and evaporate on a water bath. Dry the 
fatty acids at 100° C. for two hours; then determine the melting point. 
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If the melting point of the glycerides, plus twice the difference between 
the melting point of the glycerides and the melting point of the fatty 
acids, is Ies3 than 73° C., the lard i3 regarded as adulterated. 

SALAD DRESSINGS 

Before removing any portion of the sample for analysis and each time 
a subsequent portion is removed, mix until it is homogeneous. 

1. Total Solids.— Weigh 10 gm. of the sample into a previously weighed 
dish containing 10 to 15 gm. of clean dry quartz sand, weighed with the 
dish. Evaporate to apparent c 

constant weight at the tempera 

to exceed 100 mm. of mercury. * . 

on samples high in solids should be made at hourly intervals. 

II. Total Acids.— Dilute 10 gra. of the sample with 400 to 500 cc. of 
recently boiled and cooled water and titrate with 0.1 X alkali, using phenol- 
phthalein indicator. Calculate as acetic acid. One cc. of 0.1 X alkali 
equals 0.006 gm. of acetic acid. 

III. Oil.— Weigh 2 gm. of the sample into a Rolirig tube or similar 
apparatus, add 2 cc. of 28 per cent ammonium hydroxide, and mix thor- 
oughly. Add 10 cc. of 95 per cent alcohol and again mix. Then add enough 
water to fill the tube to the level of the outlet. Add 25 cc. of ether, shake 
the tube vigorously for thirty seconds, add 25 cc. of petroleum ether, 
boiling point below’ 65° C. f and shake again for thirty seconds. Let stand 
for twenty minutes, or until the upper liquid is practically clear. Draw- 
off as much as possible of the ether-oil solution into a flask through a small 
quick-acting filter. Again extract the liquid in the tube, using 15 cc. of 
each ether. Repeat the extraction a third and fourth time, using 15 cc. 
of each ether at a time. Add a glass bead and evaporate the ether solution 
slowly on a steam bath, then dry the oil to constant weight at 70° C. under 
a pressure not exceeding 100 mm. of mercury. After weighing the flask, 
bead and oil, clean the flask and bead thoroughly with petroleum ether, 
dry and weigh. Deduct this weight from that of flask, bead and oil to 
obtain the weight of the oil. 

The oil obtained may be subjected to the identifying tests given under 
Butter, pages 303 to 307. 
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CHAPTER XXX 
TOXICOLOGICAL METHODS 

By Cleon J. Gentzkow, Walter C. Tobie and Leo R. Goldbaum 

Toxicological analysis, especially of body fluids and tissues, is work 
for an expert, and should never be undertaken except by those having 
special training and experience, since the life and liberty of others may 
depend upon the findings. The rough qualitative tests sometimes attempted 
by persons with little or no experience in toxicology, in cases of suspected 
poisoning, is most unwise, since it uses up irreplaceable material and may 
lead to a miscarriage of justice. 

The only exception to the above rule occurs in cases where the victim 
of suspected poisoning is still alive, so that definite findings would be of 
value in clinical treatment. In such cases, simple tests for suspected 
poisons may be done on the urine, vomitua, stomach washings, suspected 
food and drink, suspected drugs, etc., to determine the nature of the poison, 
if any. The findings should be regarded as indicative only, and most of 
the suspected material should be sent as soon as possible to a toxicological 
laboratory for confirmatory testing. 

The purpose of this chapter is two-fold: (a) To provide an introduction 
to toxicology for those who may be called upon to do simple toxicological 
tests in the absence of a professional toxicologist, and (6) To provide 
general information for clinicians, pathologists, technicians, and others 
who may be called upon to investigate cases of suspected poisoning and to 
collect and pack specimens for shipment to a toxicological laboratory. 

Owing to limitations of space, it will be possible to mention only the 
commoner toxic agents. The analytical methods are necessarily condensed 
and simplified so as to be of general usefulness, and may have to be modified 
to suit special cases. They should not be followed slavishly or carried out 
in a routine fashion, since nearly every case of suspected poisoning requires 
individual handling differing slightly from all others. In toxicology, as in 
other fields, there is no substitute for the trained judgment which is the 
result of experience. For special methods, and unusual poisons, see the 
references at the end of the chapter It is not intended that the present 
chapter should be regarded as the final and ultimate authority on toxi- 
cological questions arising in the Army. 

The descriptions of the dutic3 of the clinician, pathologist, and toxi- 
cologist which follow, overlap to some extent. Since in some cases, a single 
individual may function in two or more of these capacities, it is desirable 
that those concerned in toxicological cases should be familiar with all the 
duties outlined. 

DUTIES OF THE CLINICIAN 

The first duty of the clinician is to save life and relieve suffering, by the 
removal of the poisons, administration of chemical antidotes, and treat- 
ment of the symptoms. The second duty is to aid in detecting the poisons 
involved and in fixing the responsibility on the proper person. Therefore, 

( 315 ) 



31G 


TOXICOLOGICAL METHODS 


the clinician must carefully observe the symptoms, and record carefully 
in permanent form all pertinent aspects of the case, especially tho=e which 
appear to indicate or to rule out the possibility of poisoning. If the victim 
is still alive, a statement should be obtained from him if possible. All 
urine, feces, vomitus, stomach washings, and suspected food, drink, or 
drugs, should be saved for examination. A careful search should be made 
of the victim’s effects and surroundings for drugs, medicaments, etc., 
which may have sen ed as the toxic agent. Secure all materials, regardless 
of the labels, since substitutions may have been made, either deliberately 
or through carelessness. Secure also any emptied containers, such as 
bottles, drinking glasses, etc., since it is sometimes possible to identify 
very small residual amounts of poisons remaining on them. In many 
cases of poisoning, the emptied container from which the poison was 


Table 4G 

Vomiting: Frequently associated with purging and abdominal pain. 

Poisons: Arsenic, antimony, corrosive acids and alkalies, barium, cantharides, 
digitalis, copper, iodine, mercury, phosphorus, phenols, alcohols, line, poisoned 
foods. 

Diseases: Gastritis and enteritis, gastric and duodenal ulcer, cholera, uremia, 
acidosis, early pregnane)', brain tumor, onset of many infectious (biases. 

Convulsions: 

Poisons: Brucine, camphor, cyanides, strychnine, etc. 

Diseases: Uremia, eclampsia, tetanus, epilepsy, many acute diseases of the 
cerebrospinal system, especially meningitis. 

Coma: 

Poisons: Opium and its alkaloids and derivatives, chloral, sulfonal, trional, 
tetronal, barbiturates, such as amvtal^ pbenobarbital, nembutal, etc., paral- 
dehyde, chloroform, cyanides, CO, COi, atropine, byosdne, scopolamine, large 
doses of alcohol, etc. 

Diseases: Uremia, eclampsia, acidosis, cerebral hemorrhage, cerebral embolism 
and thrombosis, brain injuries, epilepsy, and other brain diseases. 

Dilatation* of Pupil: 

Poisons: Belladonna and its derivatives, hyoscy amine, stramonium, gehe m i um , 
cocaine, nicotine. ..... 

Diseases: Those causing optic atrophy, sympathetic imtation, or oculomotor 
paresis. 

Contraction' of Pcpxl: ..... 

Poisons: Derivatives of opium, pbysostigmine, pilocarpine, muscarine. 

Diseases: Tabes and some other diseases of the central nervous system. 

General oh Partial Paralyses: 

Poisons: Cyanides, CO, CO,. ... 

Diseases: Apoplexy, brain tumor, botulism, meningitis. 

Slow Respiration: 

Poisons: Opium and its derivatives, CO, hypnotics. 

Diseases: Uremia, compression of the brain from any cause. 

Rapid Respiration: 

Poisons: Atropine, cocaine, COi, etc. 

Diseases: Acute respiratory diseases, lesions of medulla, hysteria. 

Delirium: . 

Poisons: Atropine, cocaine, cannabis (hashish or marihuana). 

Diseases: Epilepsy, insanity, delirium tremens, organic brain diseases such as 
meningitis, encephalitis, etc., nephritis, etc. 

Dtspnea: . 

Poisons: Stry chnin e (during the convulsions), cyanides, CO. 

Diseases: Th&e of cardiac and respiratory systems, lesions of medulla and vagus. 

Cyanosis : 

Poisons: Nitrobenzene, aniline, ace tanili de, opium. 

Diseases: Same as dyspnea, prolonged convulsions due to any cause. 
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taken may be found at a considerable distance from the victim. In other 
cases the container is never found, having been hidden or destroyed. Lock 
up ail specimens and suspicious materials in a safe place to prevent possible 
tampering until such time as they can be analyzed. Very often a tentative 
identification of pills, tablets, capsules, etc., may be made by consulting 
with a well-qualified pharmacist. 

All available information should be furnished, whether it is considered 
important or not, first, to the pathologist in case of death and autopsy, 
and second, to the toxicologist. Too much information is better than too 
little, since apparently trivial facts may furnish important clues. It is 
rarely possible to determine a poison on clinical symptoms alone, or even 
on postmortem findings, but the indications obtained may be of inestimable 
value to the analyst. Suggestions may be offered that search be made for 
some particular poison to which the symptoms point, but furnish complete 
data to the analyst nevertheless, and let him deduce from such facts the 
probable type of poison implicated. 

Many diseases produce symptoms which are identical with those caused 
by poisons and differentiation may be difficult until a careful study has 
been made. Table 4G lists symptoms which are common to both disease 
and poisoning, together with the diseases and poisons causing them, as an 
aid in differential diagnosis. However, it must be remembered that unusual 
symptoms may be produced in an individual by the various poisons, just 
as unusual symptoms may occur in any disease. 

Poisoning due to bacterial contamination of food is far more common 
than that due to chemical substances accidentally or intentionally intro- 
duced. Accordingly, an epidemiological and bacteriological investigation 
should be made whenever a number of cases of sickness or death occur 
after eating the same food. For methods see “Bacterial Food Poisoning,” 
page 526. Non-fatal chemical food poisoning may be caused by metals 
dissolved out of containers used for food. Severe chemical food poisoning, 
fatal and non-fatal, sometimes arises from the accidental or deliberate 
introduction of rat or roach poisons such as sodium fluoride, arsenic, 
barium salts, thallium salts, or white phosphorus pastes, into food. Chemi- 
cal poisoning usually comes on rapidly, almost immediately after eating 
the food; bacterial food poisoning is usually not immediately apparent 
and is often due to food eaten as long as six to thirty-six hours previously. 
This must be kept in mind in selecting samples for analysis. 

DUTIES OF THE PATHOLOGIST 

In all fatal cases of suspected poisoning, a complete autopsy is necessary , 
not only to determine if lesions due to poisons are present, but also to rule 
out natural causes of death- It is assumed that the pathologist is familiar 
with the general technic of postmortem examinations, so that stress need 
be laid only on the modifications required in toxicological cases. 

The usual thorough inspection of the body should be made even more 
detailed and searching if poisoning is suspected. Careful examination of 
lips, tongue, and mucosa of the mouth and throat should be made for 
evidence of corrosive action. The condition of the pupils, extent and 
degree of rigor, and presence and character of odors should be noted. 
Search should be made for puncture marks of hypodermic needles, and if 
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found, the tissues in the immediate area dissected out for chemical examina- 
tion. 

It is advisable to open the abdomen first, and to observe the organs 
in situ before opening the chest, in order to prevent the admixture of blood 
and pleural fluid. If the evisceration method is used, be sure to tie off the 
esophagus and to secure the required blood and urine samples before 
removal of the viscera cn bloc. 

The most important point to remember is to secure large amounts of 
appropriate material for toxicological examination. The most frequent 
error made in toxicological cases is to remove only the stomach and its 
contents for chemical examination. It should be obvious that if an indi- 
vidual lives for several hours or days after taking a poison by mouth, 
little if any of the poison will remain in the stomach, particularly if vomiting 
occurs. If death occurs suddenly after taking food, drink, or drugs by 
*' J ’ ' *• . 1 'be sufficient, but it is 

other materials as well. 

* • ’ mounts of tissue or body 

fluids taken more or less at random, but such specimens are not suitable 
for any worthwhile toxicological study. If the deceased lived for several 
days after poisoning, only cumulative poisons will be readily detectable, 
although liistopathological lesions will often be indicative of the poison 
involved. 

Before beginning the autopsy, there must be on hand an adequate number 
of clean containers, large enough to take generous specimens. Glass-topped 
Mason jars of the spring type and wide-mouthed glass-stoppered bottles 
are the most suitable. Other types of containers should be used only if 
nothing better is available. Old chemical bottles should not be used, 
owing to the possibility of introducing contaminations, but the wide- 
mouthed bottles used for dehydrated culture media are fairly satisfactory. 
Narrow-mouthed bottles with firmly fitting glass stoppers are better con- 
tainers for liquids than are test tubes. The latter if used, must be very 
well packed to avoid breakage in shipment. 

Whenever possible, send in all the urine even if only a few ce. are avail- 
able. Since the kidneys secrete practically all soluble poisons or their 
metabolic products, an examination of the urine alone will frequently 
reveal the poison involved. It should be withdrawn from the bladder 
before removal of the viscera, vising a clean catheter, or a glass syringe and 
needle. 

Prior to use all containers must be thoroughly cleaned. The best method 
is to scrub thoroughly with soap and water, rinse, immerse in cleaning 
solution (see page 355) for several hours, rinse with at least ten to twelve 
changes of hot water, and finally with two or three changes of distilled 
water. It will aid greatly if a supply of clean containers is prepared in 
advance and reserved for the taking of toxicological specimens when the 
occasion arises. 

* If at all possible, the autopsy should be done prior to embalming, since 

* v 


embalming fluids have been prohibited by law in most states, owing to 
their interference in toxicological analyses for arsenic, but may still be 
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encountered in a few cases. Similarly, specimens mu A not Ir* allowed to 
become contaminated with germicides or antiseptics in the course of the 
autopsy. 

Table 17 indicates the minimum amounts of material which should be 
taken for toxicological analyses. No definite rules can be laid down, since 
poisons vary in the ease with which they arc detected, and in the amounts 
present in different cases. However, it is well to send in just as much 
material as possible. Too much material is better than too hide. The stomach 
and contents should be put in one jar, intestinal contents in another jar. 
A single container may Ik* used for the solid viscera. 

Tadls 47 

Pouonfur uhirh ipeamcn it Uil tuiUd 
Valuable in nearly all tyjx-s of {>o.soninK 
For eases in which poison is known or thought 
to have been taken by mouth within a lew 
hours. 

For cares in which |*n«on ww takiji by mouth 
within one or two J.X33. 

All gatcous poison*. To di tenmnn n.cthemo* 
globm, carbonjlhcmrglolun, '.ilfcuamidt*, 
bromides, etc. Drowning (ho jiage 3t is) 
barbiturates, alkaloid*, volable j»ol«on». acuta 
alcoholism. 

Metals, barbiturates, flaoruhs, oxalate.*, Mil- 
fonal, and many oilier 
Metal*, especially rm rcura', ^Unnumdes 
Ixad, arnnic, radium (i-j>tc.a 11> ehremr 
poisoning*}. 

For inhaled |toi.<or,s, ami to jrovi* if {*i.hi.*.s 
entered by inbabdon. 

Hair A* much ns juivililc Chrome (not acute) artexdc {■rl*on.r g 

Mu*<le JU) gram* Innuet acute |K>i»<’:..ng*. ar.J c-v*-* m »l..ch 

internal orcans arc l-adlv j*itrr£rd. 

i*pm»l lluni All available Acute alcohohnn at.d ».u.iUr t>pra iJ jk 

•eg. 


Specimen 

Urine 

Stomach 

contents 

Minimum 

amount 

All available 

All available 

Intestinal 

contents 

llllKsl 

About 100 grams 

About 10 cc. 

Brain 

GOO grams 

l.iur 

GOO grams 

Kidney 

Bone 

One kidney 

30 grains 

Ijihk 

One lung 


Iii c-i'n of .‘U'jR'vtnl drowning, take i» re. or morr M<«»J hvai the ngbt 
.iiid h ft 'Mrs of the heart, U'ing pipct< with relatively large i j«*iing» and 
l-ril.g ran ful not t<» pexforatr the ;«-ptimi. I«al«d the 1-4 tie* ’ left heart" 
and "right heart. ” Take a •|*wiinrti of the watrr. 2a u\ c r tnorr. in whimh 
the j«crw.n s.jj.j».i-<tlly drywned. By chloride a:.alv»;» the three* 3;«i* 
tiula, drowning can often Ijt pn»w*l nr di pni'ni. dr.«r water rnlrr.i g 
the |ni,g» d.ffu rv into the ld»**l and reaclu > the left hrart l<fi tv the right 
! raft. ’Hr »•* na>« ill chloride in the left heart 1 5>**1 in «a!t watrr lilvite 
is g» i» in- ;r j>rv.»u*u:.i*d than the dr*:*.*-*' -which ** 0 . 1 * ;n frr-h water 
drv,wn*l g». *11, r Jri{ i» 1 1 xab.r « ilj if the o*aIe «-/ the hrart 11 

t.t JU.dU el«*a\{. 

die a'i?» Jny ptvl*«»I futsaihnl to the toluvl g-‘t thi.U 5 •<" 
a,%! tlfla.hd, w.th fjwiid alter.!* 3 jaij to jsy i'.L'fi wh.th UaJ b> 

»\ nfin. 1 « r r».h* e.t j* g. 1 ■ r «.itii.f, a t)!-*- *1 1 -V rau.3 u 
llj* »k.!> > fiji,‘*l rdf Idiri'’ i.ffob 

i.*n%ry i*.h. 4,“ Iba* b\*d» are J4,*t.r,h;!i *al„aKr .-.i u*. g 
• 1 ..h »* ».Ad l* tr x f.r ll-.t 
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As soon as a specimen is placed in a container, label the latter with all 
the infonnation required to identify the specimen, such as full name, 
rank and serial number of the individual, name of the specimen, date, and 
station at which the autopsy was done. Poorly labeled specimens cause 
much confusion when received for analysis. 

Usually it will not he possible to deliver the specimens directly to the 
toxicologist. Therefore some preservative must be used. Tim best method 
is to refrigerate with solid carbon dioxide (“dry ice”), which may be secured 
at most ice cream and packing plants, or other commercial sources of 
supply. Pack the jars in a heavy cardboard container with generous 
amounts of dry ice in paper bags on top of the specimens, and seal the 
package with strips of gummed paper. Packing must be done in such a 
way that the containers will remain in place even if all the dry ice evapor- 
ates. Specimens can be kept in perfect condition for seventy-two hours 
with dry ice. If ordinary ice is used, ship by express, making arrangements 
for re-icing en route. 

When a chemical preservative must be employed, use about 100 cc. of 
ethyl alcohol, U.S.P. 95 per cent for each 100 gin. of sample. Send along 
about 250 cc. of the alcohol to be tested for possible extraneous substances. 
Ethyl alcohol must not be used as a preservative w hen one of the poisons 
in question is ethyl or any other alcohol. Do not use denatured alcohol, 
rubbing alcohol, or similar preparations, since the denaturants will give 
false and misleading results in analysis. 

Formalin (formaldehyde) is extremely undesirable as a preservath e of 
specimens for toxicological examination, since it will seriously interfere 
with the tests for most organic poisons. Separate specimens should be 
fixed in 10 per cent formalin for histopathological examination, since 
death may have been due to causes other than poisoning. 

Handle specimens from living cases in the same manner. Above all, be 
generous with the samples. Send all of the vomitus, stomach washings, 
feces, urine, suspected food and drink, etc., and give the toxicologist all 
available information about the case. 

Wrap each container in heavy paper, tie it up or seal it with cellulose 
tape or surgeon’s tape, then seal top, bottom, and free edge, as well as the 
knot if string is used, with sealing wax. Mark the hot wax with some dis- 
tinctive device such as a signet ring, or a coin having a scratch made across 
its face so that tampering would be evident immediately. Keep all speci- 
mens so prepared in your immediate possession or safely locked up until 
they are shipped to the toxicologist. The " continuity of possession” must 
not be broken. The material will become valueless for medico-legal purposes 
if any break in the record of its custody can be proved. Therefore, the 
precautions on safeguarding and sealing are very important in any case in 
which there is the least suspicion of foul play. 

Those charged with investigating an unexplained death or suspected 
poisoning, should continue their investigation while awaiting the laboratory 
reports. The common tendency to merely send in specimens for laboratory 
examination and to then lapse into inactivity while awaiting the report, 
must be avoided. Much valuable infonnation is frequently lost by this 
dilatory form of procedure. 
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DUTIES OF THE TOXICOLOGIST 

Under ideal conditions, the toxicologist would be present at the autopsy, 
and would collect any specimens required on the basis of the clinical and 
pathological indications of the possible poison present. Under army con- 
ditions, this will rarely be possible, so that the toxicologist must work 
with the specimens and information furnished him. This makes it doubly 

order to 

■ ' * . _ _ _ toms and 

autopsy protocol. For instance, chocolate-colored blood is suggestive of 
oxidizing agents such as chlorates, or perhaps nitrobenzene. The clinical 
symptoms (see Table 46) are often suggestive. If it appears necessary, 
the toxicologist endeavors to obtain supplementary information on the 
case. 

He then systematical) 
to the poisons suggested 
other possible poisons arc 0 .. 

the possibility of anyone tampering with the material which he is examining, 
by securing it at all times He also takes scrupulous care to protect it 
from accidental contaminations. He keeps complete and careful notes. 
When the analyses are finished, the results are reported promptly and 
fully, in a written report, taking care that no significant aspects are 
neglected. Negative findings are as important as positive ones, and should 
be reported adequately. 

OUTLINE OF TOXICOLOGICAL ANALYSIS 

I. General Considerations.— Since the material available is always 
limited in amount, and cannot be replaced, it must be handled in such a 
way as to obtain the maximum amount of information from it. No general 
scheme of analysis can be laid down which is applicable to all cases. In 
the simplest case, it may be necessary merely to determine the presence 
or absence of a single suspected poison. In other cases, the detection and 
determination of two or more drugs having similar effects may be required. 
Thus in some cases of stupor or narcosis it may be necessary to test for 
barbiturates, and opium alkaloids. A search for a wide variety of poisons 
must be mac ‘ ‘ 

inadequate, 

Before bej ‘ * ' ■ 

or the volun ■ . ■ ■ ■ ■ ■ : : ■ ■' 

should be sev as»ue iv»i .. *.«*»,»..* — . »■ , 

detected by a preliminary test, it should be subjected to one or more con- 
firmatory tests, followed in most cases by a quantitathc determination. 
The urine can be used for quick preliminary tests or reserved for con- 
firmatory testing. Quantitative determinations arc required in many cases, 
because* the quantity of poisou found together with its distribution in 
different organs, is of prime importance. The mere presence of a toxic 
substance is not necessarily proof that it was absorbed or ingested in a 
toxic form, or was a factor in causing the death. For example, in examining 
the gastrointestinal contents, mercury may be present in the form of 
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calomel, barium as barium sulfate administered in connection with an 
X-ray examination, bismuth from bismuth subnitrate taken in a diarrhea 
mixture, etc. Similarly a finding of arsenic, mercury, or bismuth in the 
internal organs may merely indicate that they had been administered 
medicinally. By a determination of the quantities present, it is usually 
possible to obtain a fair idea of whether the substance can actually be 
implicated in the death. The toxicological findings must be correlated 
with the circumstances of the case, the clinical history, and the autopsy 
findings including histopathological examination, before one can arrive at 
definite conclusions. 

In order to extract the largest possible amounts of poisons from the 
solid organs, they must be finely subdivided. Therefore a good meat 
grinder is essential in laboratories where much toxicological work is done. 
Small amounts of tissue may be cut finely with a knife or large scissors. 

II. Classification of Poisons.— For toxicological purposes, poisons are 
best classified by the means used in separating them, rather than by their 
chemical nature. 

Group 1. Compounds volatile with steam from aqueous media. 

Group 2. Organic compounds not volatile with steam and best 
separated by extraction with solvents. 

Groups. Poisonous metals, detectable either directly or after 
admixed organic matter has been destroyed. 

Group Poisonous substances not falling in the previous three 
groups and requiring special methods for detection. 

DETECTION OP POISONS 

I. Poisons of Group 1, Volatile Poisons.— If the stomach contents or 
vomitus are used, test the reaction with litmus paper. Determine and 
record the odor. Look for any foreign material other than food, such as 
undissolved pills, colored salts such as copper arsenate, and the like. 
Observe and record the types of food present and degree of digestion. This 
information is sometimes of importance in determining the character of 
the last meal and the time since it was taken. Use half of the stomach 
contents, plus an equal volume of water for the distillation. The brain is 
the best organ to use, if volatile poisons are to be detected in solid tissue. 
Use 250 to 500 gm. finely divided with a meat chopper, suspending it in 
an equal weight of water. 


densed distillate to the bottom of the receiver with the condenser outlet 
dipping into water, to prevent loss of the more volatile substances. Volatile 
acidic and neutral compounds distil readily from the weakly acidified 
mixture. If basic substances such as ammonia, coniine, or nicotine are 
suspected, the mixture should be made alkaline with sodium hydroxide 
before distilling. 


DETECTION OF POISONS 323 

B. Analysis of Distillate. — Itecord the volume of the distillate and its 
appearance. Substances immiscible with water may be present as an 
emulsion. Smell the distillate. Many substances volatile with steam have 
a characteristic odor. 

1. Alcohols and Aldehydes.— (o) Preliminary Test .— Use 8 cc. of the 
distillate for the quantitative alcohol determination given on page 342. 
If there is no reduction of the dichromate reagent, the distillate is negative 
for methyl and ethyl alcohols, formaldehyde, acetaldehyde, and paralde- 
hyde. If reduction occurs, apply the tests below to differentiate alcohols 
and aldehydes. If aldehydes and methyl alcohol are not detected, the 
results of the quantitative determination indicate die amount of ethyl 
alcohol present. 



Fia. 29. — Steam distillation apparatus. Note: To facilitate addition and rctno'al of 
solid matter, the specimen is best distilled m an Erlentnejcr flask. To present possible loss of 
*cry \ olatilo Compounds, the end of the adapter should bo immersed in a thm lajer of water 
at freezing temperature. 


tc at room tempera- 

• . iolct color appearing 

, . ■ . . ■, the intensity of the 

color and the rapidity of its appearance being roughly proportional to the 
amount present. Both formaldehyde and acetaldehyde gi\e this test. 

(c) Preparation of Schijf's IlcagcnL— Add 0 5 gm. of basic fuchsia to 
flOO cc. of water and pass in sulfur dioxide until die weight has increased 
by 5 gm. Let the solution stand overnight to dissolve as much of the 
suspended fuchsin as possible. Make up to a \olume of 1 liter. To remove 
brown discoloration, add 1 gm. of decolorizing carbon or activated char- 
coal, mix well, and filter by gravity. The filtrate should be water-white, 
if not, repeat the carbon treatment. The reagent will keep indefinitely in 
a glass-stoppered bottle. The amount of sulfur dioxide may be reduced to 
1 gm., but this gives a reagent which is too sensitive for most purposes. 

(</) Dcnigl** Test.— To o cc. of distillate add 1 cc. of concentrated 
sulfuric acid and cool to room temperature. Add 0..* cc. of Sell ill’s reagent. 
A pink or v iolct color appearing vv itliin ten minutes indicates formaldehyde. 
Acetaldehyde docs not react in the presence of sulfuric acid. 
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(e) Rimini's Test.— To 5 cc. o! distillate, add 10 drops of freshly pre- 
pared 5 per cent phenylhydrazine hydrochloride solution, 1 or 2 drops of 
freshly prepared 0.5 per cent sodium nitroprusside solution, then 10 drops 
of 10 per cent sodium hydroxide. Formaldehyde will give a blue color, 
acetaldehyde a red color, a mixture of the two will give a blue to black color. 

(f) Note on Testing for Aldehydes and Alcohols.— If formaldehyde was 
taken suicidally, a positive test for it may be obtained in stomach contents 
and solid tissues. However, formaldehyde in the tissues is usually due to 
its use as an embalming agent, as a contamination introduced at autopsy, 
or as a preservative or fixative for the organs. If paraldehyde was ingested, 
it appears in the distillate mainly in the form of acetaldehyde. It can also 
be detected by its characteristic odor. In contrast to ethyl alcohol (see 
page 342), methyl alcohol (wood alcohol) is not oxidized rapidly in the 
body, and if present in any appreciable amount, can be detected even 
twenty-four hours after ingestion. It may also be detected physiologically 
by its toxic effects, of which blindness is the most important. 

(p) Qualitative Test for Methyl and Ethyl Alcohols. — If the aldehyde 
tests were negative, but methyl or ethyl alcohols are suspected, run the 
following test, which is based upon the oxidation of these alcohols to the 
corresponding aldehydes. Place 10 cc. of the distillate in a test tube, cooled 
in an ' . ‘ e around a pencil to 

obtain . ■ . 8 inches of straight 

wire t< ■ . die. Heat the spiral 

just to redness in the oxidizing flame of a burner six to eight times and 
plunge it into the 10 cc. of distillate each time. Reduction of the hot 
copper oxide on the wire produces acetaldehyde from ethyl alcohol and 
formaldehyde from methyl alcohol. Apply the tests for aldehydes; if 
positive, the corresponding alcohol is present in the distillate. Alcohols 
other than methyl and ethyl are rarely encountered. For their identifica- 
tion, more advanced texts must be consulted. 

2. Volatile Halogenated Compounds.— Chloroform poisoning is encoun- 
tered in some suicides and homicides. It is less used than formerly as an 
anesthetic. Chloral hydrate is still used medicinally, and is sometimes 
employed in “knockout drops.” Carbon tetrachloride is occasionally 
encountered, bromoform and iodoform rarely. 

(а) Schwarz’s Test— To 10 cc. of distillate, add 0.1 gm. of resorcinol 
and a few drops of 10 per cent sodium hydroxide. Heat on a water bath 
for ten minutes. A pink to red color is positive, and may indicate chloro- 
form, or chloral hydrate. Iodoform also gives the test. 

(б) Fujiwara’s Test.— To 5 cc. of distillate, add 1 cc. of pyridine and 
1 cc. of 10 per cent sodium hydroxide. Heat on a water bath for ten minutes. 
Chloroform or chloral hydrate give a pink to deep red color. Iodoform also 
gives the test. 

> 2 drops of aniline, 

■ ■ . ’ A piercing odor of 

x ‘ . lydrate. 

(d) Differentiation of Chloroform, from Chloral Hydrate— To 5 cc. of 
distillate add 3 drops of a saturated resorincol solution and 0 5 cc. of 
saturated sodium carbonate. After thirty minutes, add an equal volume of 
water. Chloral hydrate forms a green fluorescent solution while chloroform 
gives no fluorescence. 
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3. Cyanides.— If cyanide is suspected, divide the distillate into two 
portions, and apply Liebig’s test and the Prussian blue test. Cyanides 
can frequently be identified by the characteristic odor of hydrocyanic acid. 

(а) Liebig’# Test — To about 50 cc. of distillate, add 3 cc. of ammonium 
polysulfide test solution (U.S.P.) and 2 drops of 10 per cent sodium hydrox- 
ide solution. Evaporate to dryness on a steam bath, to form thiocyanate. 
Acidify with 5 cc. of 5 per cent hydrochloric acid, warm the solution and 
stir with a rod. Cool and filter. Refilter if necessary until the solution is 
clear. To the filtrate add 5 drops of 10 per cent ferric chloride solution. 
A red or deep orange color, due to ferric thiocyanate, is positive for cyanide, 
a yellow color is negative. The red color obtained in a positive test is 
soluble in ether. 

(б) Prussian Blue Test— To about 50 cc. of distillate, add 1 cc. of 10 per 
cent hydroxide solution. Concentrate on a steam bath to about 5 cc. 
Transfer to a test tube, washing the evaporating dish with 1 to 3 cc. of 
water. Add 5 drops of saturated ferrous sulfate solution and 1 drop of 
10 per cent ferric chloride solution. Shake well, and heat gently. Add 
hydrochloric acid dropwise until the brown precipitate of ferric hydroxide 
just redissolves. If cyanide was present, a blue color will remain. If the 
amount was large, a blue colloidal solution or even a blue precipitate will 
appear. If the solution is green-blue, the amount of cyanide was small. 
Filter through a small filter paper. Any blue deposit on the paper ser\ es 
to confirm cyanide. 

1 " in suicides, 

:h cases, the 

1 ' . ‘ . Accidental 

deaths sometimes occur from the use of IICN gas as a fumigant. Appreci- 
able amounts of cyanide in the brain and other tissue indicate absorption 
during life. If taken by mouth, most of it will be found in the stomach; 
if inhaled, most of it will be found in the lungs. 

•1. Phenolic Compounds.— (a) Millon s Reaction.— AH the commoner 
phenolic compounds give a positive Millon test. To 5 cc. of the distillate, 
add 1 cc. of Millon’s reagent. If no color appears, heat just to boiling. A 
red color or a red precipitate indicates phenol or a phenolic compound. 
Crcsol gives the test, and other less commonly encountered compounds 
which give similar colors are salicylic acid, mctlijl salicylate on wanning, 
alpha- and bctanaphthols, thymol, and cugenol. Almost all distillates 
from putrefied material give a positive Millon’s test, owing to the formation 
of phenolic compounds in putrefaction. The test is also gi\en by proteins 
owing to the presence of tyrosine, hence it may be misleading if applied 
directly to tissues, food, or body fluids- Millon ’s reagent is prepared by 
dissolving mercury in double its volume of nitric acid and adding one 
volume of water. 

(6) Ferric Chloride Test .— To 5 cc. of distillate add a few drops of 
10 per cent ferric chloride solution. Phenol (carbolic acid) gives a blue- 
\ iolet color. The cresols giv e a green to blue color. 

(c) Bromine I Voter Test — To 5 cc. of distillate, add saturated bromine 
water until the solution has a permanent light yellow color. Phenol gives 
a heavy white precipitate of trikromophcnol or tribromophcnol bypo- 
bromitc, depending upon conditions. Cre.-ols also give brominated pre- 
cipitates. 
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(d) Discussion of Phenols .— Carbolic add aud lysol are die phenolic 
substances most commonly encountered. The latter consists of a solution 
of cresols in soap. Taken internally, it gives die stomach contents a soapy 
appearance and a persistent foam on shaking. Phenols are quite frequently 
taken suicidally or accidentally, in which case the tissues of the mouth 
and gastrointestinal tract usually show severe burns. The urine shows a 
characteristic dark "smoky” color. 

5. Phosphorus.— (a) Detection in Stomach Contents or Tissues.— White 
phosphorus has a characteristic odor, which is readily detected in acute 
poisoning. In recent poisoning, it is usually more readily detected in the 
gastrointestinal contents than in tissue. If white phosphorus is suspected, 
conduct the distillation for volatile poisons in a dark room. If a white 
vapor with a phosphorescent glow' appears in the vapors in die flask or 
in die liquid in the condenser or receiver, phosphorus is present. In certain 
cases, the glow may be due to the non-toxic phosphorus sulfide found in 
ordinary strike-anyw here matches. For a confirmatory test, add a few 
drops of nitric acid to the distillate and evaporate to dryness. This oxidizes 
any phosphorus which may be present, to a residue of phosphoric acid. 
Dissolve in about 5 cc. of water, add a few drops of ammonium molybdate 
and warm gently. A yellow precipitate of ammonium phosphomolybdate 
is a positive test for phosphorus. 

(6) Discussion of Phosphorus .— Phosphorus poisoning is now rarely 
encountered. Most cases arise from suicidal or accidental ingestion of 
white phosphorus pastes used in exterminating rats, or more rarely from 
the use of illicit phosphorus preparations of supposed aphrodisiac power. 
In cases which live for several days, phosphorus often cannot be detected 
chemically. The pathological findings are intense jaundice accompanied 
by acute yellow atrophy of the liver. 

II. Poisons of Group 2, Non-Volatile Organic Substances.— A. Extrac- 
tion from Tissues and Body Fluids.— The residue of stomach contents or 
organs left in the flask after the distillation of volatile poisons, may be 
used for the isolation of non-volatile organic poisons, since the hot water 
dissolves out water-soluble materials, while water-soluble proteins are 
coagulated by the heating. While still hot, strain the suspension through 
four layers of gauze, squeezing out as much of the liquid from the solid 
material as possible. Filter the turbid liquid through moist absorbent 
cotton or filter paper. The clear filtrate should be acid, if not, add tartaric 
acid. If filtration is slow, pour all the liquid into 2 to 3 volumes of ethyl 
alcohol, and filter after standing for fifteen minutes. This will precipitate 
much protein, and aid filtration. 

Evaporate the filtrate on a steam bath to a sirup about 50 cc. in volume. 
Slowly add 5 volumes, about 250 cc., of 95 per cent ethyl alcohol, stirring 
well with a rubber policeman on a glass rod, to keep the white precipitate 
(mainly protein) in a finely divided state. After standing for an hour, 
filter through cotton or filter paper moistened with alcohol. Evaporate 
the alcoholic filtrate to a sirup. Add about 50 to 75 cc. of distilled water, 
rub the residue with a policeman on a glass rod, warming for about ten 
minutes on a steam bath. After about thirty minutes, filter through filter 
paper, rinse the dish, then the filter with 25 cc. of water. The clear com- 
bined filtrate should be acid. 

Some alkaloids such as aconitine, physostigmine, apomorphine, cocaine 
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and some glucosides, are destroyed or chemically altered by heat and 
acidity. If such poisons are suspected, make a direct alcoholic extract of 
the ground organs or stomach contents with 4 to 5 volumes of 95 per cent 
alcohol acidified with tartaric acid. Let the mixture of tissue and alcohol 
stand overnight, then pour off most of the alcohol and wash the semi-solid 
residue with one volume of alcohol. Squeeze out the solid material in 
gauze, filter through paper, then evaporate to a sirup under reduced pres- 
sure or by gentle warming in an air current from a fan. Dissolve in water 
and filter as in the regular procedure. All non-volatile organic substances 
can be isolated by a direct alcohol extraction. 

B. Isolation and Identification.— Routinely, the 100 cc. of aqueous 
solution may now be extracted three times: (1) From acid solution with 
ether to obtain acidic and neutral substances; (2) from basic solution with 
ether to obtain basic substances; and (3) from ammoniacal solution with 
chloroform-alcohol mixture, or with ethyl acetate, to obtain morphine and 
narceine. In some cases it will not be necessary to make all three extrac- 
tions, but only those indicated by circumstances. 

1. Extraction of Acidic and Neutral Compounds.— The 100 cc. or more of 
weakly acid aqueous solution, is extracted twice with an equal volume 
of ether in a separatory funnel, shaking each time for about a minute. 
The ether extracts are combined in a separatory funnel, and any drops 
of water allowed to settle out. The combined extract is then shaken for 
one minute with 30 cc. of approximately 0.1 N hydrochloric acid to remove 
traces of water containing ether-insoluble substances, the acid washings 
being discarded. The original acidic aqueous solution should be retained 
for the extraction of basic compounds and morphine, if necessary. 

Evaporate successive portions of the ether extract on a steam bath in 
a small beaker. The residue may contain neutral or acidic substances 
such as barbiturates, salicylates, acetanilide, acetophenetidine, antipyrine, 
salol, picric acid, dinitrophenol, pyramidon (aminopyrine), caffeine, picro- 
toxm, and the like. 

2. Tests for Neutral and Acidic Compounds.— The amount of solid residue 
obtained will vary considerably, depending on the poison taken, the 
amount, and the time elapsed before death. In routine analyses, all the 
compounds below may be tested for, or individual compounds may be 
tested for as indicated. 

(a) Barbiturates .— To all or part of the residue, which must be com- 
pletely dry, add 2 cc. of chloroform. Run 0.5 cc. into a small diameter 
tube such as a 1-cc. centrifuge tube or a 10 x 75 mm. fermentation tube. 
Add 1 drop of 1 per cent solution of cobalt acetate in absolute methanol. 
Mix well. Then using a medicine dropper or pipet, run about 0.5 cc. of 
5 per cent isopropylamine in absolute methanol carefully dou n the side of 
the tube to form a layer on the chloroform solution. A purplu color at the 
interface of the liquid layers, more easily seen with a white sheet of paper 
held behind the tube, is a posith e test for barbiturates. A yellow or green 
color is negative. 

The test may likewise be applied to the chloroform extract of a residue 
obtained by ether extraction of urine. If cobalt acetate is not available. 
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The barbiturate drugs can be roughly divided into two groups, those 
with a prolonged hypnotic action, and those with a short action. The 
former are more readily detected chemically in urine and in tissues, the 
latter are less so, their short action being due to the fact that they are 
rather rapidly and completely broken down in the body. It is frequently 
desirable to identify the specific barbiturate found in a given case. This 
is most readily done by subliming the extraction residue in a vacuum and 
determining the melting point of the sublimate. Details of these advanced 
methods are beyond the scope of this book. 

(6) Salicylates, Pyramidon, Antipyrine. — Evaporate the remaining 
chloroform solution to dryness on a water bath, then add 5 cc. of water 
and heat about a minute longer. To 1 cc. of this solution, add 1 to 3 drops 
of 10 per cent ferric chloride solution. Salicylates or pyramidon give a 
blue-violet color, antipyrine gives a red color. If positive, test 1 cc. with 
Millon’s reagent. Salicylates give a pink to red color on warming. If 
negative, add 2 to 3 drops of dilute silver nitrate solution.. A black, blue, 
or violet color due to colloidal silver indicates pyramidon (aminopyrine). 
Nitric acid will discharge the color. 

(c) Acetanilide and Aeetophenetidine.— To 2 cc. of a water solution of 
residue, add 2 cc. of hydrochloric acid. Boil for about five minutes, to 
hydrolyze. Cool, and add 1 cc. of a cold, saturated solution of phenol, 
then add drop by drop a freshly prepared, filtered solution of calcium 
hypochlorite. Either of the compounds gives a pink to red color of indo- 
phenol, which becomes blue or violet when concentrated ammonia is 
added. 

To 1 cc. of a water solution, add 1 cc. of a saturated alcoholic potassium 
hydroxide solution. Heat gently for about a minute. Add 1 drop of chloro- 
form Acetanilide, but not aeetophenetidine, gives a piercing odor of 
phenyl isocyanate. 

(d) Picric Acid and Dinitrophenol.— These give a yellow color in aqueous 
solution, which increases in intensity on adding alkali. The aqueous 
solution of either compound will dye wool or silk but not cotton. 

form of an oil. The water 
h ferric chloride, while its 

: i .. 1 „ .. . , ■ ic Compounds.— To permit 

a more positive identification of any of these compounds, the residue, if 
enough is obtained, may be purified by sublimation under reduced pressure, 
or by recrystallization from water or other solvents. After purification, the 
melting point i3 determined, the crystalline form studied, or derivatives 
prepared. 

3. Extraction of Alkaloids and Other Basic Substances.— The acid aqueous 
solution after the extraction of acid and neutral substances, is now made 
alkaline by adding sodium hydroxide solution. The alkali liberates alka- 
loids and other basic compounds from their salts, and combines with 
phenolic compounds such as morphine. Extract the alkaline liquid with 
ether as before, but wash the combined ether extract with 30 cc. of 0.1 N 
sodium hydroxide, discarding the washings. Evaporate successive portions 
of the ether extract in a 100-cc. beaker. The residue may contain such 
basic substances as: Quinine, codeine, heroin, strychnine, atropine, cocaine. 
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nicotine, brucine as well as less common alkaloids. Some caffeine anti- 
pyrme, and pyramidon may separate in this extraction as well as in the 
previous extraction of the acid aqueous solution. 

4. Extraction o! Apomorphine. — Apomorphine is so rarely encountered 
that in routine analyses it is not necessary to run an extraction for it. If 
its presence is suspected, make the alkaline aqueous solution neutral or 
slightly, acid with hydrochloric acid, then weakly alkaline with a little 
ammonia. Extract with ether in the usual fashion. Otherwise extract 
immediately for morphine. 

5. Extraction o t Morphine.— Extract the ainmoniacal aqueous solution 
four times with warm chloroform containing about 10 per cent by volume 
of ethyl alcohol, or better, with ethyl acetate. Shake the combined extracts 

a separatory funnel with a little anhydrous sodium sulfate or sodium 
chloride to remove water, then evaporate successive portions of the chloro- 
form in a small container. The residue contains any morphine or narceine. 

6. Tests for Alkaloids.— Preliminary tests for alkaloids are of two sorts, 
precipitation reactions and color reactions. Although a large literature 
on the subject exists, most of the tests, particularly the color reactions, are 
of limited value. In putrefied material various amines, ptomaines or pseudo- 
alkaloids may be found. They may give some but not all of the reactions 
of a particular alkaloid. Therefore, a considerable number of tests must 
he applied before any alkaloid can be confirmed condusi\ ely. Some specific 
property, such as the melting point, should be determined if at all pos- 
sible. Very small amounts of certain alkaloids may be fatal, so that it 
is frequently difficult or impossible to isolate appreciable amounts from 
dead bodies. 

The color tests for alkaloids are mainly based upon a rather complete 
disintegration of the alkaloid molecule by strong oxidizing agents such 
as nitric or sulfuric acids. Frequently some organic compound is present 
to react with the fragmentation products to give a color. Unfortunately, 
the course of the reaction in the color tests is profoundly influenced by the 
ratio of alkaloid to reagent, state of subdivision of the alkaloids, tempera- 
ture, presence or absence of moisture, and the presence or absence of 
extraneous substances giving false colors. Small amounts of alkaloids are 
often very difficult to isolate, so that application of color tests to partly 
purified material gives only brown smears. The precipitation reactions 
are generally of greater value than the color tests. Table 48 gives in 
tabular form the reactions of the more important alkaloids and glu cosides. 

7. Precipitation Reagents.— Some of the more useful of these reagents 
are: 

(a) Picric Acid, saturated aqueous solution. 

(b) Picrolonic Acid, a 0.1 N solution in alcohol. 

(c) Gold Chloride, 5 per cent aqueous solution. 

(d) Platinic Chloride, 5 per cent aqueous solution.. 

(e) JVagner’s Reagent— Dissohc 10 gin. of potassium iodide and 1 gin. 
of iodine in 100 cc. of water. 

(f) Marme's Reagent— Dissolve 20 gm. of potassium iodide in 20 cc. of 
boiling water, add 10 gm. of cadmium iodide, and dilute to 100 cc. 

( 9 ) Mayer's Reagent.— Dissolve 1.33 gm. of mercuric chloride and 5 gm. 
of potassium iodide in 100 cc. of water. 



(Rcprjntod from Mcrek'e Index, 4th od., courtesy of Merck & Co., Ino ) 
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Table 48.-R EAC tions or the Mobe Impobtant Alkaloids am, GLrco B n> Ea -CW,W 

Supplementary List of Tests of Alkaloids & Glucosides 


Adcmldin 

AretoIIne .... », 

A'PMotpcrmlne 

CoUrnine 

OfflCoifa 

EphedrJna 

Cuot.nino 

HomH/Ciiin, .... 



PifroCoiln 

SaJUIa 

77 »«(>fajUliit 


■ HsSO, - deep R.-lIXO, - In Bl-HCl - It R.-Ppu m. A„a, IICI 
& picric acid 


HsI, 2KI - Ye-Sil, (Kl - R AuCI. HC1 - Y ml, pp, lad 

= tarry ppt. — Tannin ppts alkaloid but not the salts 


.. Mandolin = ItP A > R A PR -Hot HC1 - R. — KiCrjOj - rli r A dlG 
ifglr 2KI *• Y flocks. — Picric acid =» Y ppt. 

...HKO) m R.— HjPtCI* » Y ppt — rerrous salts & CuSOj give jipli 
..Frohdc » Br.— Mandelm = VBr — Mccke ** VBr.— Marqui* - Br. 


Millon (HrfNOiW, AuCI, HCI, HjPtCU. & BiJ, 1KI, afford tbanct cnit 
ppts 


..H)SO< ** Y A VBI. — Gives ppts v, I KI, Itgtj 2KI, picric aud, & tannin 

..Evap'g then add'g alcoh. KOI! - Y. — Ilglj 2KI - v,h ppt.— Picric acid 
m y ppt. — Alcoh. solut. HgClx «r. free base R. 

- HjSOt + KjCrjOr G.— AuCI) IICI + heat •• Au ppt (reduction) — Tan- 
nin «* ppt sol. m excess 

. IIiSOi •=■ Y. — H)SO«+ KjCrjOj — V. — HjS0 4 + KNOj + excess NatCO) 
“ vermilion R. — Reduces Fchling's so!n— Frohdc - Or. — Mandchn » 
gY. — Marquis - Itch U. 

1I)S0< “ R, & R ppt forms on add'g water— Frohdc — V A ilk eh.— 
IIjSO« + KjCrjO) + heat «* odor of salicy Laldch>de. 

HjSOi - Y A Or A blood R.— Evap'd w. CI-watcr -> bright R A V by 
NHtOH. 


o W lhagendorff's Reagent.— Dissolve S gin. of bismuth sulmitrate in 
oo CC> concentrated nitric acid. Pour this into a saturated solution of 
--•7 gin. potassium iodide. Let stand about three hours for potassium 
nitrate to crystallize out, then decant the solution and tlihitc it to 100 cc. 

8. Color Reagents. — Some of the more important color reagents are: 

w Sulfuric Acid, concentrated. 

W Aifric Jcid, concentrated. 

(<*) Erdmtnm'j Reagent.— To 20 cc. of concentrated sulfuric acid add 

drops of n solution of 10 drops of concentrated nitric acid in 100 cc. of 

water. 

(d) Eroehdes Reagent . -Dissolve 5 mg. of molybdic acid or sodium 
molybdate with gentle wanning in 1 cc. of concentrated Milfuric a« id. 'Hie 
Caution should be colorless. It docs not keep long. 

(c) Mandelin'j Reagent.— Dissohe 1 gin. of finely pmvdtrvd ammonium 
'diudate in 200 gin. of concentrated sulfuric acid. 

(/) J/urynu* Reagent.— MU 2 to 3 drops of fonnafiMivdc (regular 
10 j>cr cent solution) with 3 cc. of concentrated sulfuric acid. This nragrut 
,s unstable; prejun: it as needed. 

9. JUUysis of Alkiloldal Residues. -The rvddiic from the extraction of 
Ihe alkaline solution wiili ether should l>e rwminrd first for any < Jurat:* r- 
I'tic odor of nicotine, coniine, pyridine. or aniline. All arc liquid* »huh 
f »ay apjicar at this point in the aiuh'iv. Take up the rc-Iduc in 4 it*. of 
filler and divide into two portions. 
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(a) Negative Control .— Add 0.1 gm. of arsenic-free sodium bisulfite to 
20 cc. of 10 per cent by volume sulfuric acid or a quantity equivalent to 
that used in the digestion, then boil, cool, add stannous chloride, etc., as 
at the close of the digestion. 

(b) Positive Control . — Made in the same way as the negative control 
but with the addition of a known amount of standard arsenic solution 
before adding the sodium bisulfite. The arsenic stock solution contains 
1 mg. of As per cc. Dissolve 1.319 gm. of AsiOj in 15 cc. of 1 N NaOH. 
Dilute to 500 cc. Add 15 cc. of 1 N HC1 and make to 1 liter. 'This solution 
is diluted down to standard solution as desired, usually to 1 microgram of 
As per cc. 



(c) Unknown.— Use 20 cc. of the digestion mixture or some aliquot of 
it. . ‘ 

or„ : - J . 

oped in the mercuric bromide strips. A jellow color merging to dark 
brown at the lower end, indicates the presence of arsenic. 

By using different dilutions of standard arsenic solution and different 
dilutions of the unknown, matching the colors representing equal con- 
centrations of arsenic and figuring back, it is possible to determine the 
approximate amount of arsenic in the unknown. 

An improved form of the Gutzeit apparatus is shown in Figure 30. 
The essential impro\cment is the addition of a flange arrangement, which 
permits the use of a disk of paper, impregnated with mercuric bromide 
to be inserted between the flanges, so that the color resulting from the 
generation of arsine is deposited in the form of a spot instead of in a streak. 
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The sensitivity of the test is increased and a quantitative estimation of 
the arsenic may be made with greater accuracy. As little as 1 microgram 
of arsenic can be detected, and graduations of 1 microgram in arsenic 
concentration can be measured. 

To prepare the test disks, immerse ISO mm. filter papers, Whatman’s 
No. 1 or No. 4, for about five minutes in a 5 per cent solution of mercuric 
bromide in absolute methanol in a large Petri dish. Suspend the paper in 
the air to dry. Then cut off a 5 -inch strip around the edge, and use the 
center portion for the disks. 

(). Marsh-Berzelius Test.— The Marsh-Berzclius test permits the isola- 
tion of free arsenic, so that further tests can be applied to it. The arsine 
generated is decomposed to free the arsenic instead of being allowed to 
react with a mercuric salt. Place 30 gin. of arsenic-free zinc in the generator 
of the apparatus, shown in Figure 31. Pour 10 cc. of 10 per cent by 
volume sulfuric acid through the thistle tube. The evolution of hydrogen 
should not be too rapid. Cool the generator if necessary with a water bath. 


At the sa 
a shining 
ignition. 

addition of unknown, to check the reagents for freedom from arsenic. 



Antimony forms a mirror in the Marsh test. 1 he arsenic mirror i-» 
soluble in sodium or calcium hypochlorite solution, the antimony mirror is 
not. If the mirror is dissolved in concentrated nitric acid, and ammonium 
molybdate solution is added, arsenic gives a precipitate of ammonium 
nrseiioinolybdatc, but antimony docs not. If silver nitrate is added to the 
nitric acitl solution and ammonia layered over it, arsenic will give a yellow 
precipitate of silver arsenate, antimony gives no such precipitate. 

7. Antimony.— As a poison, antimony is similar to arsenic, but is inure 
rarely encountered. In the Kcinsch test, it forms a gray -black dcj>osit 
on the copper spiral, very* similar to that of arsenic, but ujxrn subliming 
from the copper, it appears as an amorphous deposit instead of forming 
octahedral crystals of arsenic triovide. In the Gutzcit test, it gives stibine, 
which produces a black color on the impregnated paper, instead of yellow 
or brow n as w ith arsenic. Its bchav ior in the Marsh test has l*ceri dc'cribrd 
above. 

' S. Bismuth.— Poisming with bismuth is rare. It is mainly of mijx>rtancc 
as an interfering substance in the Kcinsch test, since its compounds arc 
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used medicinally. The black deposit which it gives in the Iteinsch test is 
difficult or impossible to sublime. If stomach contents or tissue are digested, 
as in the test for arsenic, bismuth will give an orange -3 ellowr color or pre- 
cipitate if some of the digest is diluted and placed on a filter paper impreg- 
nated with a solution of 1 gin. of cinchonine and 2 gm. of potassium iodide 
in 100 cc. of water containing a little nitric acid. It will give a yellow 
color in a dilute sulfuric acid solution containing a little potassium iodide 
and sodium sulfite. 

9. Lead.— Acute lead poisoning is relativel}' rare, chronic lead poisoning 
is fairly common, arising from prolonged exposure to the metal in one 
form or another. For methods of collecting blood and urine for the deter- 
mination of lead, see under “Special Methods.” 

IV. Poisons of Group 4, Miscellaneous Poisons.— 1. Oxalates.— Poison- 
ing may occur by ingestion of cither oxalic acid or its salts. Large doses 
are rapidly fatal. According^', oxalate can usualty be recovered from the 
stomach contents. In the internal organs, the highest concentration is 
found in the liver. Some oxalic acid may be isolated bj r ether extraction 
of acidified aqueous solutions and will appear in Group 2. However, if 
there is reason for suspecting that oxalate has been taken, proceed as fol- 
lows: Mix the finely divided material with 3 to 4 volumes of alcohol and 
acidify with hydrochloric acid. Let the mixture stand one to two hours 
with frequent stirring. Filter, washing the residue with alcohol. Add about 
10 cc. of w'ater to the filtrate and evaporate on a steam bath. Make the 
solution alkaline with ammonia and filter if necessa^*. Acidify with acetic 
acid. Add calcium chloride solution. If a precipitate appears immediately, 
oxalic acid is probably present. Calcium oxalate crystallizes in octahedrons 
having an “envelope” shape. It may be necessary to redissolve the pre- 
cipitate in hot hydrochloric acid, filter and repeat the treatment with 
ammonia, acetic acid, and calcium chloride. 

Oxalic acid may be confirmed by heating the calcium oxalate for a few , 
minutes with dilute sulfuric acid. Add a 1 per cent solution of potassium 
permanganate in small drops from a capillary pipet. Oxalic acid will dis- 
charge the purple color of the permanganate solution. 

2. Mineral Acids.— Nitric, sulfuric, and hydrochloric acids taken in 
strong concentrations cause corrosions and discolorations of the face, 

1 V '*' 1 ’• xcid the parts are 3 ’cllowish 

, ' . rring. If any doubt exists 

. , test with Congo red paper 

which turns blue with even very dilute solutions of these acids, then pro- 
ceed with the ordinary qualitative tests for these acids. 

3. Borates.— Boric acid and its salts are moderately poisonous. In acute 
poisoning, gastro-intestinal irritation occurs, but no particularly character- 
istic signs appear at postmortem. Evaporate urine or finely ground tissue 
to dryness with sodium carbonate and potassium nitrate. Ignite at the 
lowest temperature which will produce complete combustion of carbon- 
aceous matter. Acidify the ash with hydrochloric acid and dip a piece of 
turmeric paper in it. If boric acid is present the paper will have a red- 
brown color when dried, which changes to a greenish-blue when a drop of 
dilute sodium hydroxide is applied. For a flame test, some of the ash 
may be suspended in methanol or ethanol and a little concentrated sul- 
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furic acid added. In the presence of boric acid, the flame produced when 
the alcohol is ignited, is colored green. 

4. Chlorates.— Potassium chlorate is used in certain toothpastes and 
gargles. A conspicuous feature of chlorate poisoning is the production of 
a chocolate-brown color in the blood, owing to the formation of methemo- 
globin. It is customary to extract chlorates from suspected material by 
dialysis. The finely-ground material is placed in a cellophane or other 
sack and dialyzed in a beaker of distilled water for fi\ e to six hours. The 
dial} sate is evaporated to dryness on a steam bath, dissolved in a little 
water and filtered if necessary. To the solution add a drop of freshly 
distilled aniline and a little hydrochloric acid. If chlorate is present, a 
blue or green color will appear if the mixture is warmed gently. 

5. Nitrites. —These may be encountered either as sodium nitrite or as 
brown fumes of nitric oxide. The nitrites also produce a brown dis- 
coloration of the blood by forming methcmoglobin. The suspected material 
such as stomach contents is acidified and distilled. The distillate may be 
used to diazotizc some aromatic amine, which is then combined with a 
coupling agent to give a red azo dyestuff. 

6. Iodine.— Tincture of iodine is a popular agent in suicidal attempts. 
It can often be detected by the brown stains produced on the face or 
clothing. If any appreciable amount lias been swallowed, it can usually 

’ *’*'■’ 'he filtered liquid 

d shaking with 

i 

7. Bromine.— Acute jjoisoning with free bromine or alkali bromides is 
rare. Chronic bromide poisoning may result in rashes on the face and 
neck or in mental disturbances. For detection of bromides in blood, see 
under “Special Tests.” 

8. Chlorine.— Poisoning by ingestion of chloride of lime and similar 
preparations occasionally occurs. If some of the ingested material can Ik* 
rcco\cred before it lias bad time to react with organic matter, the smell 
of free chlorine may bo observed. The pnxluctiou of a vclluvv color with 
o-tolidinc by methods similar to those used in water analysis is auothcr 
test. 

9. Fluorides.— Owing to the prevalent use of fluorides as insecticides, 
acute fluoride {misoning is very conunuii. Crimps, nauwa, and vomiting 
shortly after eating the jioisoucd food, are the s\ mptoms. The best test 
is that of Cottier. Place 1 cc. of stomach contents or I to 3 cc. of urine 
in a small porcelain crucible with sodium hvdrmule solution and heat 
on a hot plate until dry- Mix a little powdered glass with the thoroughly 
drittl material. Make the mixture acid with a little concentrated sulfuric 
acid, and emir the crucible immediately with a micniMv>pc slide or other 
dicet of glass having a drop of water on its lower surface. 1 feat the 
crucible jrnl/y (a beating block at IhO* C. is l*cst), placing a 'mail l>cakcr 
of ice water on the slide to hetp it cool. After three to five minute', 
remove the slide, and add a drop of o jnr cent -odium chloride to the drop. 
('n>tals of sodium Huo'flicate develop iuuucdiahly or uj»m standing. 
'JlirV are hev.igon.il. and ill a somewhat *ul*Juc»J light they have a faint 
pink color. 

10. Cxiboa Monoxide. — The following method tv *>f value as a ipiiik. 
qualitative test for carbon mmiovide in juqi-ctid acute poiw.n.t g. ft is 
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of no value in suspected chronic poisoning. Quantitative methods for CO 
in blood and air are given in Chapter XVI. 

To two 15-ec. portions of water in test tubes add 3 drops of suspected 
blood and 3 drops of normal blood. Mix well by inverting the tubes. If 
one tube has a much stronger color than the other, dilute it until the 
intensity, not the shade, of the colors is approximately equal. If large 
amounts of CO are present, the suspected blood will have a cherry-red 
color as compared to the deep-red color of the normal blood. With small 
amounts, the difference in color is not distinct. 

To each solution add 5 drops of 10 per cent sodium hydroxide and mix 
well by inverting. Normal blood turns a greenish-brown color immediately, 
owing to the formation of alkali heraatin. Blood containing CO changes 
color very slowly. With less than 20 per cent saturation with CO, the 
color changes in a few minutes, with 50 per cent saturation or above, the 
color will remain red for hours. 

Considerable experience is required to detect less than 20 per cent 
saturation with CO. The blood of horses, or of humans less than six months 
old, is not affected by the addition of alkali. 

SPECIAL METHODS 

I. Ethyl Alcohol in Blood, Urine, or Spinal Fluid.— A modified Nicloux 
method is used. Ethyl alcohol reduces dichromate in acid solution to a 
green chromium salt. The amount of green color produced Is a measure 
of the amount of alcohol. The dichromate reagent has been found to give 
better results if made up by a slightly different method than that given 
in the literature. For that reason it is called “Anstie's reagent, modified, 
stronger” and should not be confused with that described in other methods. 

1. Reagents.— (o) Anstie’s Reagent, Modified, Stronger.— Dissolve 3.70 
gm. of pure potassium dichromate in 150 cc. of distilled water. Add slowly, 
with constant stirring, 2S0 cc. of pure concentrated sulfuric acid. Dilute 
to 500 cc. with distilled water. 

(6) Standard Alcohol Solution (, 2 per cent).— Place about 50 cc. of dis- 
tilled water in a 100-cc. volumetric flask. Add 2.53 cc. absolute ethyl 
alcohol with an accurately graduated pipet, holding the pipet tip near 
the surface of the water to prevent loss of alcohol by evaporation. Make 
up to 100 cc. with distilled water. 

(c) Scott-TVilson Reagent.— Dissolve 90 gm. of sodium hydroxide in 
300 cc. of water. When cool, add it to a solution of 5 gm. of mercuric 
cyanide in 300 cc. of w'ater. Mix thoroughly, then add with constant 
stirring, a solution of 1.45 gm. of silver nitrate in 200 cc. of water. The 
reagent will keep for six months. If a turbidity or precipitate forms, filter 
it. Caution.— Neter -pi-pet this reagent. It is very poisonous. Use a 10-cc. 
cylinder for measuring it. 

(d) Color Comparison Standards.— Arrange 9 test tubes, 16 mm. by 
150 mm., in a test tube rack and pipet 9 cc. of Anstie’s reagent into each 
tube Then add to each tube the amounts of standard alcohol solution 
and distilled water shown in Table 49. 

Thoroughly mix the contents of each tube by vigorous stirring with a 
clean dry glass rod. The standards may be kept for several weeks if tightly 
stoppered and kept in a vertical position in the test tube rack. The standard 
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solutions must not be allowed to come in contact with the stoppers, since 
both cork and rubber contain reducing substances which may cause a 
change in color of the standards. If the tubes can be fire-sealed without 
unduly warming the solution, the standards will be permanent for several 
months. 

Table 49. — Alcohol Standards 


Tube 

No. 

1 . 
2 . 

3 . 

4 . 
6 . 


Alcohol Distilled 
solution water 

(cc.) (cc) 

None 1 0 

0 1 0.9 

0 2 0 8 

0 3 0 7 

0 4 0 6 


Correspond* 
to alcohol m 
tbe specimen 
(mg. per cc ) 
Negative 


0.5 
1 0 

1 5 

2 0 


Alcohol 

solution 

(cc) 

0 5 
0.6 
0 7 
0 8 


Corresponds 
Distilled to alcohol in 
water the specimen 
(cc ) (mg. per cc ) 
0 5 2 5 

0 4 3.0 

0 3 3 5 

0 2 4 0 


Each standard should be labeled with the number of milligrams of 
alcohol to which it corresponds, i. e., Tube No. I is labeled “Negative" or 
“Zero,” Tube No. 2 is labeled “0.5 mg.,” etc. 

It is useless to try to make standards for amounts of alcohol greater 
than 4 mg. of alcohol per cc., since the Anstie’s reagent is completely 
changed by that amount of alcohol. If specimens are encountered which 
seem to contain 4 mg. of alcohol per cc., or possibly more, run a second 
determination, using 2 cc. instead of 4 cc. and multiply by two to give the 
final reading. 

2. Procedure for Blood, Unne, or Spinal Fluid. —Arrange two 25 x 200 mm 
tubes with two-holed rubber stoppers, and inlet and outlet tubes. The 
inlet tubes should extend nearly to the bottom of the tubes and the outlet 
tubes just below the stoppers. Connect the inlets and outlets of the two 
test tubes with well-washed rubber tubing in such a fashion that a current 
of air may be aspirated through the specimen tube into the tube of Anstie’s 
reagent. The apparatus is shown in Figure 32. 

In the specimen tube place 4 cc. of specimen, 2 to 4 cc. of Scott-Wilson 
reagent, and sufficient water to make 10 cc. Ilalfway between the upper 
level of the liquid contents and the bottom of the stopper, place a wad of 
glass wool. In the second tube place 0 cc. of Anstic’s reagent. Stopper the 
tubes, and adjust the suction so that a current of air is aspirated through 
the tubes. Immerse the tubes in a gently boiling water bath. Continue 
boiling and aspirating for twelve to fifteen minutes. Cool the .Anstie’s 
reagent, add water until it has a volume of 10 cc., and compare its color 
with those of the standards Report the result as milligrams per cc. as 
read from the standard matched. Each mg. per cc. corresponds to tenths 
of per cent. 

3. Discussion.— The v 
or ketosis would reduce . 

indicate the apparent pu.*. — 


The method works well with 4 cc. of urine, but with -l cc. o: moon or 
of some stomach contents frothing is often excessive and troublesome, so 
that aspiration at a proper rate is difficult. The glass wool is used to keep 
the mixture of Scott-Wilson reagent and material under test from being 
carried over into the Anstic reagent. If glass wool is not available, add a 
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drop of liquid petrolatum to the reacting mixture and aspirate very slowly 
at first, then more rapidly. If trouble with frothing is persistently encoun- 
tered, it may be necessary to use 2 cc. or even as little as I cc. of blood. 
In such a case, do not forget to multiply the apparent alcohol value obtained 
in matching the Anstie reagent against the standard by 2 or by 4 as the 
case may be. This procedure has the disadvantage that small amounts 
of alcohol may be missed entirely. Accordingly it may be preferable to 
make up the alcohol standards with 1 per cent alcohol (1.26 cc. of absolute 
alcohol diluted to 100 cc.) and use only 2 cc. of blood as a routine procedure. 



4. Interpretation of Results.— The determination of whether or not an 
individual has been drinking, is under the influence of liquor, or is intoxi- 
cated, is a matter for a medical officer. The amount of alcohol found in 
the blood or other body fluids should be regarded as part of the available 
evidence, but should not be relied upon exclusively. _ 

A level of 0.5 mg- of alcohol per cc. of blood may indicate that an indi- 
vidual has been drinking. The result is not absolutely conclusive, since 
small amounts of reducing substances are normally present in human 
blood, and since slight experimental errors may occur. 

At a level of 1 to 1.5 mg. of alcohol per cc. of blood an individual is 
usually under the influence of liquor, but not definitely intoxicated. 
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At a level of 2 to 2.5 mg., an individual may be regarded as definitely 
intoxicated. 

At 3 to 3.5 mg. the individual is quite seriously intoxicated. 

A level of 4 mg. of alcohol per cc. of blood indicates that an individual 
is either at or quite close to the “dead drunk" stage. Higher concentra- 
tions indicate very severe intoxication, which may even result fatally. 

The above values are for blood alcohol only and should not be applied 
to urine, since the urine level indicates only the amount of alcohol being 
eliminated through the kidneys. The urine alcohol may be higher or lower 
than the blood alcohol, depending upon the stage of absorption or elimina- 
tion of alcohol. 

II. Lead in Urine (Method of Ivaye).— Cases of suspected chronic lead 
poisoning are best diagnosed clinically, since individuals seem to vary in 
their resistance to lead. Amounts which produce definite symptoms in 
one person, may have relatively little effect on another. Therefore analyses 
for lead are mainly of corroborative value. 

Analyses of feces for lead are of no significance, since the findings merely 
indicate the amount of lead excreted, not the amount actually present in 
the body. In other words, lead found in the feces indicates "ingested" 
lead, but not necessarily “absorbed” lead. 

Unless it is desired merely to study the individual’s excretion of lead 
under ordinary conditions of life, he should be placed on an acidotic and 
low-calcium diet to promote the mobilization and elimination of lead in 
the urine. This diet should continue for about three days before the urine 
sample is collected. 

Since the amounts of lead found, even in severe cases of plumbism, are 
relatively small, and since glass, metal, and enamel vessels contain enough 
lead to seriously contaminate liquids placed in them, special precautions 
are necessary in collecting specimens of blood and urine for lead analysis 

Urine is best collected in a pyrex glass container such as an Erlenmeyer 
flask which has been cleaned with hot nitric acid. Add a small amount 
of chemically pure nitric acid to the container and heat just to boiling 
under a hood. Cautiously tilt the flask or bottle until the nitric acid has 
made contact with all surfaces, then let the vessel stand under the hood 
for about an hour. Rinse the walls with the nitric acid once more, then 
cautiously pour it off, allowing it to come in contact with all portions^ of 
the lip by rotating the vessel. Then rinse the vessel several times with 
distilled water. Stopper the bottle or cover the flask with an inverted 
beaker until used. 

Collect a twenty-four-hour specimen of urine, instructing the patient to 
void directly into the clean bottle or flask. Measure and record the total 
volume and take about one- third of it for analysis. 

The method is based upon the extraction of lead by means of a solution 
of dithizonc (diphenylthioearbazone) under carefully controlled conditions 
and subsequent titration of the isolated lead with a second dithizonc solu- 
tion. 

1. Reagents.— All reagents must be lead-free or of very low lead content. 

(а) Distilled Water .— All distilled water used must be redistilled from 
an all-pyrcx still. 

(б) Ammonium Hydroxide. 

(c) Xilric Acid, 3 per cent and 1 per cent. 
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(d) Potassium Cyanide, 10 per cent solution. 

(e) Citric Acid, 40 per cent solution. 

( f ) Standard Lead .• ! 

of water. One cc. con ■ ; ■ ■ - ■ ■ 

iy) Dithizone 1 for 1 i ^ ■ 

thiocarbazone in 400 cc. of chloroform. 

(A) Dithizone 2 for Titration . — Dilute 100 cc. of dithizone 1 with 100 cc. 
of chloroform. Standardize against the standard lead solution. One cc. 
equals approximately 5 micrograms of lead. The titre of this solution is 
satisfactory for amounts of lead near the normal. If the preliminary 
extraction indicates that larger amounts are present, use solution 1, 
each cc. of which equals approximately 10 micrograms of lead. 

2. Procedure.— Only pyrex glassware should be used. 

To the urine specimen add a few drops of phenolphthalein indicator 
and then ammonia dropwise until a faint but persistent pink color is pro- 
duced (pH 9-10). Shake well, stopper and set aside for thirty minutes to 
allow the precipitate to settle. Collect the precipitated earthy phosphates 
and lead phosphate on a Buchner filter using suction. Wash the precipitate 
with several small portions of alcohol. Invert the filter paper in the Buchner 
funnel so the precipitate faces the perforations and pour 30 to 50 cc. of 
hot 3 per cent nitric acid in successive small amounts over the precipitate 
until it dissolves or is washed into the flask. Gently boil the redissolvcd 
precipitate for twenty minutes. Adjust the pH to 3 to 3.5 (lower range of 
methyl orange) by the dropwise addition of ammonium hydroxide. Transfer 
tlie solution to a Squibb separatory funnel and extract it with 5 to 10 cc. 
of dithizone 1, discarding the dithizone-chloroform layer. This extracts 
tin and bismuth and prevents later interference by these metals. At this 
pH lead is not extracted. 

Add 15 cc. of citric acid solution and then ammonium hydroxide to 
pH 9 to 10, using phenolphthalein as indicator. The end-point is a faint 
but persistent pink. After adding 2 cc. of potassium cyanide , the solution 
is ready for the extraction of the lead. 

Run in a few cc. of dithizone 1 and shake vigorously. The rapid appear- 
ance of a cherry-red color in the chloroform layer indicates the presence 
of lead, since the lead-dithizone complex which is soluble in chloroform 
gives it that color. Transfer the chloroform-lead-dithizone layer to another 
separatory funnel and again extract with a few cc. of dithizone. Continue 
the extractions until no more lead remains as evidenced by the dithizone 
solution remaining green. Wash out any remaining lead-dithizone by 
several extractions with chloroform, adding this also to the combined 
dithizone extracts 

The gradual approach to the point of complete removal of lead is shown 
by the diminution of intensity of the cherry-red color and the gradual 
change through pink, violet and blue to green. The amount of dithizone 
used gives a rough indication of the amount of lead present. 

Shake the combined extracts with 15 cc. of 1 per cent nitric acid. The 
lead is now in the acid aqueous solution. Discard the dithizone layer and 
extract any dithizone remaining by shaking once with chloroform. 

To the acid solution add a few drops of phenolphthalein and then 
ammonia until distinctly alkaline. Add 2 cc. of potassium cyanide solution 
and then the citric acid drop by drop until the solution is just faintly pink. 



SPECIAL METHODS 


347 

Titrate the prepared solution with dithizone 2. The first addition may be 
an amount equal to 5 ce. less than that required in the first extraction to 
the point where the cherry-red color began to change. Shake vigorously, 
allow to stratify and draw off the red dithizone layer. Further additions of 
dithizone are in 0.5 cc. amounts plus 1 cc. of chloroform. After each 

l 


a known lead solution by the titration as given above, the value of each 
cc. of dithizone in terms of lead is known. From this value and the number 
of cc. of solution used for the sample and the volume of the sample, the 
amount of lead per liter of urine may be calculated. 

A blank determination should be run on the total reagents used in the 
titration (not in the preliminary extraction). The value of this blank, 
which should be low, is subtracted from the amount of dithizone used in 
titrating the specimen. 

III. Bromides in Blood Serum. — Although the results obtained by it 
are only approximate, the gold chloride method is probably the simplest 
clinical one for determining bromides in blood. It is based upon the forma- 
tion of a color, varying from a yellow greenish-brown to a strong red brown, 
produced when gold chloride reacts with bromide to form gold bromide. 
The color produced in the unknown is compared with known standards. 

1. Reagents.— (a) Gold Chloride, 0.5 per cent solution. 

(6) Trichloracetic Acid, 20 per cent. 

(c) Sodium Chloride, 0.G per cent solution.— Dissolve 3 gin. of chemically 
pure sodium chloride in distilled water and make up to 50U cc 

(<i) Sodium llromidc-Sodium Chloride Standard Solution .— Dissolve 
1 gm. of sodium bromide in 100 to 150 cc. of the sodium chloride solution 
and make up to 200 cc. This solution contains 0.5 per cent XaBr and 
0.0 per cent NaCl. 

(e) Comjxirison Standards.— Add the standard sodium bromide-sodium 
chloride solution to a series of 12 test tubes, graduated at 10 cc., beginning 
with 0.5 cc. and increasing the quantity by 0.5 cc. in each succeeding 
tube. Add 0.G per cent XaCl to each tube to the 10-cc. mark. 

Place 1 cc. of each of these dilutions in a scries of small test tubes, add 
to each 2.Gcc. of trichloracetic acid and 0.72 cc. of the gold chloride solution 
and mix well. 

These standards correspond to scrum bromide concentrations of 25 mg. 
per 100 cc. in the first tube and increasing by 25 mg. in each tube to 300 mg. 
in the twelfth. Covered with j>ctroIatuiii, stoppeivd and kipt in die dark 
when not in use, these standards are quite permanent. 

2. Procedure.— As a preliminary measure the urine may be tested. 

Decolorize J5 cc. of urine with activated carlxm and filter. To 5 cc. of 
the filtrate add 1 cc. of trichloracetic acid and 1 cc. of the gold chloride 
solution. If no appreciable brown color develops it is probable that the 
patient's blood contains little or no bromide, since excretion in the unne 
is quite constant and rapid. . 

If the preliminary urine test is }>o>itive, or history or >v mptoms indicate, 
proceed with the quantitative test in blood. , 

Take at least 10 cc. of blood, using all precautions to prev » nt hi mulv sis. 
After dotting is complete, sejurate the scrum. Place 2.0 cc. of trichloracetic 
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acid in a test tube and to it add, with shaking, 1 cc. of serum. Mix thor- 
oughly and filter. To 1 cc. of filtrate in a tube of the same size and quality 
of glass as those containing the standards, add 0.2 cc. of gold chloride. 
Mix and compare the color with that of the standards. 

3. Results.— Normal serum shows no change in color. Report the 
amount of bromides present according to the standard most closely 
matched. 

A finding of 150 mg. of bromides per 100 cc. of serum is considered by 
some to indicate dangerous overdosage and to be associated with symptoms 
oi bromidism. However, too much stress should not be placed on analytical 
results alone. Clinical evidence must also be considered since individuals 
vary widely in their reactions to the same level of blood bromide. 

IV. Quinine in Urine (Cornell and Kaye). — This method is not specific 
for quinine but is of value in the military service when it is necessary to 
determine whether the quinine being given for malaria prophylaxis is 
actually being taken. Urine specimens from large groups can be tested in 
a short time by this procedure. 

Atropine, cocaine and strychnine react to the reagent used and so may 
give false positives but these alkaloids would rarely be present. Albumin 
also interferes and would be encountered more frequently. If a positive 
is thought to be due to albumin heating the specimen would make the dif- 
ferentiation. A precipitate due to quinine will disappear on heating to 
reappear on cooling while one due to albumin will persist. Albumin may 
be removed from the urine prior to testing by heat and filtration. 

Atabrine also reacts but the sensitivity of the precipitating reagent is 
much less for it than it is for quinine, and this in addition to the fact that 
both are used for the same purpose of malaria prophylaxis, makes any 
interference a minor consideration. 

1. Reagent.— Dissolve 3 gm. of mercuric iodide (red), and 2 gm. of 
potassium iodide in a mixture of 20 cc. of glacial acetic acid and 40 cc. 
of water. If kept in a brown bottle this reagent is quite stable. 

2. Procedure.— To 1 or 2 cc. of urine in a small test tube add 5 or 10 
drops of the reagent. Shake. 

3. Result.— An immediate turbidity appears if quinine is present and 
intensifies on standing. 

V. Analysis of Blood in Drowning Cases.— In cases of drowning, enough 

water usually gets into the lungs to diffuse into the blood and be carried 
to the left chamber of the heart before it stops beating. Therefore in salt 
water drownings, the amount of chloride in the left chamber of the heart 
is usually increased; in fresh water drownings, the amount of chloride in 
the left chamber of the heart is usually decreased. If death was not due 
to drowning, as in cases where the body was thrown into the water after 
death by some other cause, the chlorides in both sides of the heart will be 
essentially equal. . 

At autopsy in cases of suspected drowning 6 cc. or more of blood should 
be collected from the right and from the left heart by means of pipets 
with wide tips. Care must be taken not to puncture the interventricular 
septum. Place the specimens in containers previously labeled “right 
heart” and “left heart” to prevent any confusion. A sample of the water 
in which drowning is supposed to have occurred is also collected. 

The three specimens are then analyzed for chloride content by any 
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accurate method, such as that on page 209, and the results reported in 
terms of milligrams of sodium chloride per 100 cc. of blood. Normal blood 
contains 400 to 500 mg. of NaCl per 100 cc Posit h e results are usually 
fairly conclusive, but negative results do not nec**ssanl\ rule out drowning 
as the cause of death. 

VI. Tablets, Capsules, and Other Medicaments. -Since uu-ny tablets 
and capsules are recognizable by their vze, color, and general appearance, 
a consultation with a pharmacist will usually be helpful m preliminary 
identification. Tablets are usually predominantly organic or inorganic in 
their constituents. If inorganic substances such as sodium bicarbonate, 
bromides, calomel, etc., arc suspected, some scheme of general inorganic 
analysis must be followed. . , , 

Of the tablets with predominantly organic constituents, hypodermic 
tablets of alkaloids are characterized by their small sue. Saccharine comes 
in a small tablet which may he mistaken for a hypodermic tablet lhe 
. ..... i». cmbiiip usual! v mixed 


is sometimes used in place of codeine. Quinine may ‘ * j 

tablet or pill form, a large number of different sorts aid mbs bung f 
on the market. Most of the sulfa drugs are large. l«« >-d - gra n 

(0.5 gm.) tablets. Salicylates, sucli as sodium sahcyhi e, . sale , an Us r n, 
come in 5 grain tablets, also in white capsules. Sometmtcs the) arc niter 
mixed with other substances. . . , i ,i , . 1I)SU T C s 

Barbiturates are f ^.“^“"‘^/v'picatcotrs of the capsules are: 

or occasionally m colorless tablets. Inc tjpic , i»i> cno i. ar bital. 

Nembutal, yellow: Amytal, blue; 

''bite; AUonal, pink and white. Barbital co —fo tablets. Sodium 

Amytal and Luminal may come in small 3, li, ■ tab]ct3 , nav a lso 

alurate also comes m a 3-gram bisected tame 

be bisected. eouteuts of the tablet or cap- 

it organic « 
sule, powder 
solution or su 
it with HC1. 

If a precipitate forms, it may in, I'““. tl ' c ' !’.J Extract as ill working up 
which are insoluble ill water. Add ami j c3 arc „ot easily extracted 

stomach contents for organic poisons. ^ , r] madilv be detected b) 

from water solution by organic soiven ts. . . • , thc tablet by 

ihazotizing and coupling a little of the aqueous 

the method used in determining su ^°Il a f” Lcincc lhe urine contains the 
VII. Toxicological Examination of Brin • - , 1K)iso ,„, it i, an ideal 

metabolic or excretory products of n cc> an . available. Tlius 

material for preliminary testing, even if o . jj CSi barbiturates, and 

it can l>c used in testing for bromides, . , . , i *t„. urine after 
many other drugs and poisons. Saucy 
ingestion of salicylates such as sodiun 


e.- Cases may an^c "Here 
To 4 cc. of urine, add 1 cc. 


. . : To 4 cc. ol uniif, 

f »f concentrated hydrochloric acid, and ff natn |,fc.s will gi'e a P 10 * 

a piece of newspaper bearing no printing* 
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nounced orange-yellow color. The test is sensith e to 1 part of sulfa drug 
in 10,000 of urine. The reaction is due to the presence of lignin in the 
paper. Highly refined papers (filter paper or bond paper) will not give 
the test. 

IX. Marihuana.— The hemp plant, Cannabis satixa is grown in many 
parts of the world for the production of hemp fiber. The various geographic 



varieties of the plant are known as Cannabis indica. Cannabis americana, 
etc. The plant is sometimes used medicinally in the form of extracts, but 
its main importance lies in its illicit use as a narcotic drug. When thus 
employed, the dried plant is usually smoked in the form of cigarettes 
(“reefers”), sometimes admixed with tobacco. More rarely, extracts of 
the plant are employed. 

After a little experience, rather small portions of the dried plant can 
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s b cope“lfa p Sfuve f ar„tM eir .- aPPf3ra ”? Und ' r thf ,o ""P 0 "'“ 
identifir. “ u dentlficatlon ,s made microscopically, a chemical 
identification is usually unnecessary. For methods of mi <4® 



Hu. 3d — Marihuana (Connuhw «afira)- .1. Fraud* flowering top. dried. s! .owing dar- 
tenMlc branching of twig*. accompanied by Uaiew. from mam stem Each Imj sujtort* 
« I portion such at thovj shown in It and C. X 0-S- if Portion* of dried female flu ■ear* t©{* 
x *• Portion of dried female flourring top showing branching and tub-branching of mam 
5?“* »ml Uie position! of fnm an.! Irate*. X 1J O. Dried tuatur* fruit without "hull* ** 

! •*'* encircling jidgca, the mottling and e*j>cejtlly the L»ry network (u> eruvg the surface. 

y Dried mature fruit. X 17. ltid*.c* and Ucy marlmgt are laitiruUrb noteworthy. 

,* ‘•I'IXT tide of ttuall dried leaflet from Uie female flower out top. The wtrtj *i ranee u 
to tl,o Cj-atolith lair*. X 17. G. fragment* of dried tceflet* from female lop 

** oirnnjonly m U'tefflirDi tubmiUed for eiamination. Not* the i rufkisoti of n»u>Lth 
r ~£ n t, ‘* '■PI*' surface* and the "wooly ** at iterance of the fairy underaidce. x 16 
Typical sample a* presented for identification, heesee. fru.t and hull* are ; i*wc.t sad 
*»• rraddy reckoned. X 4. {Marihuana, It* fdrntdi cation. «.«jM«**y of (I* Ik.r»ii of 
•^arrvtjca. U. S. Treasury Deft J 
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fication see the pamphlet "Marihuana, Its Identification” issued by the 
Bureau of Narcotics, U. S. Treasury Dept. 

The illustrations in Figure 33 are a few of the many in this booklet. 
Identification of unknown specimens should be checked against a sample 
known to be marihuana. 

The chemical identification of suspected extracts of the plant is much 
more difficult, and all of such materials should be referred to a toxicological 
laboratory. 

REFERENCES 

Autenrietii, W., translated by Warren, TV. II.: Detection of Poisons, 6th Am. ed , Phila- 
delphia, P. Blahiston’s Son & Co., Ino , 192S. 

Fuller, Henry C.. The Chemistry and Analysis of Drugs and Medicines, John Wiley A 

Sons, Inc , 1920. 

Glaister, J., and Glaister, J., Jil: Medical Jurisprudence and Toxicology, 5th ed , New 
York, William Wood & Co.. 1931. 

Gonzales, T. A., Vance, M., Helpers, M , and Mabtlakd, n. S.: Legal Medicine and 
Toxicology, New York, D. Appleton-Century Company, 1910. 

Marihuana, Its Identification, U. S. Treasury, Bureau of Narcotics, U. S. Government 
Printing OlEce, 1938. 

McNally, William D.: Toxicology. Chicago, Industrial Medicine, 1937. 

The Merck Index, 5th ed., Rahway, N. J , Merck & Co , 1910. 

Official and Tent&tiv e Methods of Analysis of the Association of Official Agricultural Chemists, 
5th ed , 1910. 

U. S. Pharmacopoeia, 12th revision, 1912. 

Webster, Ralph W.: Legal Medicine and Toxicology, Philadelphia, W. B. Saunders Com- 
pany, 1930. 



CHAPTER XX 

USEFUL LABORATORY ARTS AND RECIPES 


By Walter C. Tobie 

Of the many aids and recipes so generally useful in all laboratories, only 
* f SDl ’j Dum i >er inc ^ U( fed here. Those selected are the simpler ones 

or wide applicability; for the more elaborate ones the reader is referred to 
the list of texts at the end of this chapter. 

1. Handling and Working Glass.— 1. General.— Although many differ- 
ent grades of glassware are available, they may be roughly classified as 
soft glass and hard or pyrex glass. Soft glass tubing, rods, and test tubes 
of small diameter are easily manipulated with an ordinary Bunsen or 
I irrill burner, with or without a fishtail or wing-top attachment. Larger 
diameters require the use of a blast burner with compressed air. Hard glass 
such as pyrex can hardly be worked at all without a blast burner. For 
handling large pieces of pyrex, an oxygen blast must be used. The para- 
graphs which follow refer to the bending of soft glass tubing. Methods of 
handling pyrex are given in reference No. 1. 

2. Cutting Glass.— Hold the glass tube or rod firmly on the top of a 
laboratory table and nick it at one spot with the edge of a triangular file. 
Then take the tube or rod in both hands, with thumbs opposite the nick, 
exert a slight pull on the tubing and break with a quick snap. If one end 
of the tubing is too short to handle, the snap may be made by holding the 
long end rigidly in one hand and hitting the small end with the file. The 
sharp end of the tube or rod i3 smoothed (fire-polished) by heating it to 
redness in the flame. If desired, the bore may be reduced by overmelting 
or increased in size by manipulating with the end of the file. 

3. Cutting Test Tubes.— Make a deeper file nick than with glass tubing 
and preferably encircle the tube. A thin tube may be broken by hand as 
previously described. Thick tubes should be nicked even more deeply, 
and a redliot nail applied to the nick to start a crack around the tube. 

It is preferable not to heat the handle of the file for starting the crack 
since such treatment will ruin its temper. Cutting test tubes or plain 
glass tubing of more than 10 mm. diameter is best done with an electrically 
heated resistance wire wound around the tube at the place to he cut, if 
such a device is available. In any case, the sharp end should be fire- 
polished. . , - - , 

4. Bending Glass Tubing.— Holding both ends, slowly rotate the tubing 
in a hot flame using ft wing-top attachment if available, so that at least 
an inch is heated. When the glass is red hot and soft, remove from the 
flame and bend to the desired form. For a broad bend, several indies 
should be so heated. If the tube is overheated, there is a tendency to pull 
the ends of the tube apart, and for the red hot glass to distort by its own 
weight. If underheated, the bend will be very sharp with the glass buckled 
out laterally. A satisfactory bend retains essentially the some diameter as 
the original tubing. If the tube collapses for any reason, it can be brought 
to proper diameter by heating the collapsed portion and applying air 

23 ( 333 ) 
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pressure by mouth to one end, while holding the other end closed with the 
finger- This procedure requires considerable practice. 

5. Drawing-out Glass Tubing. — To draw out glass tubing, heat the 
selected portion red hot while gently rotating the tube, remove from the 
flame and pull the ends apart. For a short taper, be careful not to over- 
heat and to pull apart slowly. Strong heating and rapid pulling results in 
a very long, thin, capillary tube. 

6. Ampules.— Heat a clean, sterile, cotton-plugged test tube about 

2 inches from the mouth, with constant rotation. When the glass is dull 
red, draw the two ends about 2 inches farther apart, leaving a neck about 
4 mm. in diameter. In filling the ampule, be careful to get no liquid on 
the neck. Heat the neck in a small, hot flame until the glass collapses, 
then pull out rapidly. If a strand of glass protrudes, heat it rapidly in a 
hot flame until it melts down to a small bead. A large bead will usually 
crack off on cooling. In sealing commercial ampules, which are already 
drawn down to a taper neck, it is best to heat with a small hot flame about 

3 or 4 mm. below the mouth, until the neck becomes red hot and thickens. 
Then rapidly draw out the hot glass with a pair of forceps. If necessary, 
seal the extremity to form a small bead as before. Do not heat too much 
or the warmed air inside will expand and blow a hole in the molten glass. 

7. Repairing Damaged Glassware.— Many pieces of damaged glassware 
can be repaired and rendered usable again. Pjpets cracked at the mouth- 
piece can be fire-polished directly or after a short piece h3S been cut off. 
II the tip is broken, it can be drawn out again, but such pipets should be 
marked to show that they no longer are suitable for exact measurements. 
Beakers and flasks with chipped edges can be repaired by fire-polishing, 
but since such apparatus is usually of pyre x, a blast flame is necessary. 
Burets and cylinders cracked at the mouth can be shortened by holding 
them in the hand and chipping away the broken portion by rapidly stroking 
or striking it at an angle with a square of wire gauze, until the new neck 
is approximately even, after which it may be fire-polished. 

8. Glass Tubes in Cork or Rubber Stoppers.— Glass tubing passed through 
boles in cork or rubber stoppers should be of such diameter as to fit tightly 
without requiring undue force in its insertion. In cutting a hole in a stopper, 
select a cork borer of a size just a trifle smaller than the glass tube which 
is to be inserted in the hole. Cork borers must be kept well sharpened. In 
cutting holes in stoppers and in passing glass tubing through the boles it 
is often well to use a little water or glycerol as a lubricant. If a glass tube 
becomes stuck in a stopper, it may sometimes be loosened by sliding a 
cork borer over it and into the stopper so as to break the adhesion. Another 
method is to put the short end of the tube against some firm surface and 
to press down on the stopper, twisting it with the hands to loosen it from 
the glass. Sometimes a slim knife blade can be thrust between the glass 
and the stopper. If these efforts fail, cut the stopper longitudinally with a 
sharp Jcni/e or razor blade and peel the stopper off the glass. 

II. Cleaning Glassware.— 1. Mechanical Cleaning.— Glassware can be 
perfectly cleansed with soap, water, and a brush in many cases. Cleaning 
is much easier if the glassware is immersed in water immediately after use, 
so that solid matter does not dry on it. Test tube brushes will have a 
longer useful life if they are washed free of soap and are allowed to dry 
when not in use. Dirt in flasks or bottles which cannot be reached with a 
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( ) Nitric Acid.— Hot nitric acid is extremely effective in oxidizing 
game matter. It must be used with due caution to avoid spilling on the 
ands and clothing and to avoid breathing the rather toxic vapors. Immerse 
ie glassware in a beaker of nitric acid under a hood, heat just to boiling 
and let cool. 

(c) Sulfuric and Nitric Acid Mixture.— This is probably the best prepara- 
lon for the routine cleaning of glassware containing much organic matter. 

P°rcelain evaporating dish or other acid-resisting container filled 
P j sujfuric acid is placed on a gas range or electric hot-plate under a 
00 r\ , Sma H amount of nitric acid is stirred in well at the beginning of 
each day 3 work, before turning on the heat; otherwise, it will form a 
ayer on the surface and will evaporate rapidly as the bath becomes hot. 
tills cleaning bath may be maintained for several months, and need only 
oe discarded when the sulfuric acid has become viscid by the slow accumula- 
tion of inorganic salts from the oxidized materials. The bath should not 
uc heated so hot that white fumes of sulfuric acid arise. Organic matter 
th 0311503 the bath to turn brown, but when it is completely oxidized, 
the bath becomes nearly colorless again, so that small objects arc easily 
picked out of it with a crucible tongs. If a porcelain evaporating dish on 
a tripod 13 used, the dish should be reinforced by placing a coarse wire 
screen under it. If the mixture is heated in a “Duriron” dish, mechanical 
breakage of the container need not be feared. The 161-inch size (obtainable 
from the Duriron Co. of Dayton, Ohio) is large enough for most laboratory 
glassware. Traces of grease on pipets may be removed by a few hours 
immersion in cold sulfuric acid containing about 10 per cent by volume of 
nitric acid. 

(d) Sulfuric and Chromic Acid Mixture.- This is used either hot or cold, 
and is prepared by saturating sulfuric acid with sodium or potassium 
dwhromale (or better, chromium trioxide). A liter of concentrated sulfuric 
acid may be poured into 33 cc. of a saturated solution of technical sodium 
jhchromatc. When freshly prepared, this is an excellent cleaning solution, 
but it rapidly becomes spent if much organic matter is oxidized, turning 
green by the reduction of chromium trioxide. More of the chromium com- 
pound may be added, but the mixture soon becomes so thick and pasty 
that it must be discarded. It lias the further disadvantage of having a 
'cry dark color, so that it is extremely dithcult to find small objects and 
to remove them from the kith. Sines; traces of chromium h uca Mn-t.gly 
toxic action on many microorganisms, glassware. r'|<cu!!y fritted glas* 
fiitcrj, after immersion in this cleaning dilution, must I* rm-ol with 
extreme care before bacteriological uv. 

IH. Stopcock Lubricants.— I. CocunertUl Lufcncxau.— U.c most cvn- 
'tnient stopcock lubricants are those sold commercially in tuU* «-r jir». 
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Many different preparations are sold under proprietary names, but prac- 
tically all are satisfactory for the use for which they are intended. 

2. Laboratory-made Lubricants. — The following lubricants may be used 
when commercial lubricants arc not available. The gum rubber which is 
called for may be cut from the soles of an old crepe-soled shoe. Other forms 
of rubber, containing filler, are much less satisfactory. 

(а) Melt 2 parts of paraffin by weight and 4 parts of petrolatum (petro- 
leum jelly) together, and add slowly 1 part of gum rubber cut into 
small pieces. Stir while heating until a smooth paste is formed. Be 
careful not to overheat and burn the rubber. 

(б) Mix 10 parts by weight of petrolatum and 1 part of gum rubber 
cut into small pieces. Hold at 125° to 150° C. in an oven for several days, 
with occasional stirring, until the paste is smooth. 

(c) Mix 2 parts by volume of ordinary rubber cement and I part of 
petrolatum. Heat on a water bath until the solvent from the rubber 
cement has been driven off. 

3. Petrolatum.— Petrolatum jelly’ is a fairly good stopcock lubricant 
when nothing better is at hand, but is rather thin-bodied and likely to 
permit the freezing of stopcocks. Liquid petrolatum may also be used but 
is even thinner bodied. 

4. Glycerol.— The lubricants mentioned above are all dissolved to some 
extent by organic solvents, such as ether, petroleum ether, chloroform, 
etc. For sealing ground-glass joints and stopcocks against substances 
which do not dissolve it, glycerol is a good lubricant. It should not be 
used with alcohol, in which it is soluble. 

5. Glycerol-Starch.— Suspend 9 gm. of soluble starch in 22 gm. of glycerol 
and heat to 140° C., stirring with a thermometer. Pour off the clear liquid 
and let it cool. This lubricant is insoluble in organic solvents except 
alcohol, and is fairly resistant to the action of water, so that, it is useful 
on the stopcocks of separatory funnels in extractions in which aqueous 
solutions are shaken with some immiscible solvent. 

IV. Cements and Adhesives.— 1. Vacuum Wax.— For ordinary vacuum 
seals, and for vacuum distillations where the temperature does not go too 
high, an excellent wax may be made by melting together equal parts of 
beeswax and rosin. The wax is pliable and easily removed by using hot 
water. Ordinary stopcock lubricants can be used in place of vacuum wax 
in many cases. , , ,. ... , 

2. Acid-resisting Cement— Mix asbestos powder and sodium silicate 
solution ("water glass”) to a thin paste. If allowed to dry for a day , this 
cement will resist strong acids. A thick paste of asbestos mixed with water 
containing a little sodium silicate solution makes an excellent insulating 


frozen joints can usually be loosened by appropriate means. The process 
requires patience. "Strong arm'* methods will usually result in breakage, 
and the loss of the apparatus. 

l.« Commercial Mechanical Devices.-There are a number of excellent 
devices on the market for loosening glass joints. Since they are somew a 
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It £° C °° 80 tllat tlia dilute acid penetrates the joint as it contracts 
s “ a ? 1 necess ? ry t0 beat and cool several times. In stubborn cases,' 
erai days may be required. If a joint contains lubricant or other organic 
id in the same fashion in a bath 
1 by volume, the glycerol serving 
. o - - Large pieces of apparatus, such 

uurets, should be supported by means of a clamp or a ring on a rine- 
«nd during the process. 

VI, Grinding and Fitting Stoppers and Stopcocks.— Glass stoppers can 
e ground to fit bottles, volumetric flasks, etc., from winch the original 
has been broken or lost, as follows: Select another glass stopper 
which is a little too large but which makes a fairly close fit in the neck. 
"Ppiy a thin mixture of glycerol and emery of medium fineness to the new 
stopper and rotate it in the bottle or flask neck steadily in one direction, 
f” the cutting mixture oozes out, apply more and continue the process. 
*»hen the stopper is well ground in, wash off the cutting mixture with 
"ater. The stopper should now make a tight fit without wabbling in die 
neck. If desired, a better fit can be obtained by finishing the grinding 
process with a finer grade of emery. This process works w ell in fitting glass 
stoppers to bottles and flasks. It may also be employed, using fine emery, 
to diess buret stopcocks which have been damaged by contact with alkali,' 
hut care must be taken not to continue the grinding to such a point that 
the hole in the stopcock will no longer line up with the passage through the 
buret. 

VII. Marking and Labeling Glass.— 1. Glass-marking Crayons.— I*\>r 
temporary markings on glass, use the special crayons or pencils manu- 
factured for tlie purpose. These may be obtained in various colors. In 
order to write distinctly with them, the glass must bc free of any traces of 
oily material. Red and blue glass-marking crayons arc furnished as Items 
“0290 and 7G300 of the Medical Department Supply Catalog. 
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2. Gummed Labels.— For semi-permaneut markings on glass containers, 
gummed labels should be used. Complete information should be given on 
the label as to what the material is, its strength, date prepared, by whom 
prepared, and purpose for which prepared. Typed labels are best. Much 
confusion and inconvenience is caused by failure to properly label con- 
tainers. Labels may be protected against most reagents by coating them 
with collodion or. vinylite lacquer. Such labels are best removed from 
bottles by scraping with a sharp knife or razor blade. 

(q) Collodion for Labels .— Dissolve 3 to 4 gm. of pyroxylin in 23 cc. of 
absolute ethyl alcohol, then add 75 cc. of ether. 

(6) Vinylite Lacquer .— Dissolve 20 gm. of vinyl acetate polymer (Vinylite 
A) in 100 cc. of solvent made by' mixing 75 cc. of toluene and 25 cc. of 
95 per cent alcohol. This lacquer gives a transparent, colorless film which 
is resistant to most reagents. 

3. Diamond-tipped Pencil.— For absolutely' permanent markings (as for 
identification of glassware, or in graduating apparatus) use a diamond- 
tipped peucil such as Item 42100 of the Medical Department Supply Cata- 
log. If the pencil docs not mark or scratch the glass, rotate it slightly in 
tile hand so as to bring one of the facets into proper position, when it will 
be found to mark the glass clearly and distinctly. 

VIII. Acidproof Wood Stain.— 


Solution No. 1 Solution No e 

Coppei sullate . . . 125 gm. Axulwe (technical) . . ISO gm- 

Potassium chlorate . . 125 era. Hydrochloric acid . . ISO cm. 

Water 1000 cc. Water 1000 cc. 


The wood of the bench or table top should be free of paint, varnish, 
grease, and chemicals. With a paint brush, apply two coats of solution 
No. 1 boiling hot, allowing each coat to dry completely before applying 
the next coat. Then apply two coats of solution No. 2 in the same way. 
When the wood is completely dry, wash off all excess chemicals with hot 
water and soap. Scrub until no more color comes away. Dry, and rub in 
raw linseed oil with a cloth or sponge. . • 

resistant to most acids and other cliemici 

dingy, go over it again with linseed oil and . . — — 

oil by nibbing with a cloth or paper towel. 

IX. Removal of Stains.— 1. Bacteriological Stains.— Most bacteriological 
stains can be removed from the hands by washing with acid alcohol (ordi- 
nary ethyl alcohol containing 2 or 3 per cent by volume of concentrated 
hydrochloric acid), then washing with soap and water. For cleaning fabrics, 
use 10 per cent by’ volume of acetic acid in alcohol and rinse with large 
amounts of water. If some color persists, treat with dilute chlorine or 
bromine water or filtered solution of chlorinated lime (such as "HTH,” 

high test hypochlorite) and rinse again. 

2. Iodine Stains.— These are best removed with a solution of sodium 
thiosulfate, followed by rinsing. 

3. Bloodstains.— These are removed by apply ing 3 per cent hydrogen 
peroxide, followed by rinsing. 

4. Silver S tains. — For stains due to silver compounds such as silver 
nitrate or argyrol (silver proteinate, protein silver), use a hot solution of 
5 gm. of mercuric chloride and 5 gm. of ammonium chloride in 100 cc. of 
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5. Meicurocorome Stains.— Fresh mercurochrome stains can be removed 
with dilute chlorine water, bromine water, or a filtered solution of chlori- 
nated lime (HTH, high test hypochlorite) Old mercurochrome stains 
should be treated with a 2 per cent solution of potassium permanganate, 
followed by oxalic acid to remove manganese dioxide stains from the fabric. 

0. Biological Fluids. — The stains and odor of putrefaction from biological 
fluids can be removed from the hands or from fabrics with permanganate 
solution, followed by oxalic acid solution, and thorough rinsing. 
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CHAPTER XXI 

GENERAL MYCOLOGICAL TECHNIC ■ 

By Virgil H. Cornell 

been generally restricted to the study of those 
of the contaminants encountered incidentally 
such pathogens. Limited knowledge of the 
has led to confusion among medical laboratory 
for the lack of interest and the unsatisfactory 
WK t . ***** ideological examinations. 

VY-ben fungi are found in human or animal disease they must not be too 
readily accepted as etiological agents. An effort should be made to identify 
r* em as belonging to a genus known to be responsible for disease of the 
type encountered and, when possible, the organisms should be inoculated 
w to animals to determine their pathogenicity. Certain fungi may not be 
pathogenic in the ordinary sense of the term but, by their presence and 
continued growth, may so complicate a disease condition that their eradica- 
tion is desirable. 

In the following brief notes an effort has been made to outline procedures 
for the routine identification of pathogenic fungi. A definite classification 
of fungi is not attempted and some of the terms are not mycologically 
correct but are commonly used. 

METHODS OF EXAMINATION 

. I- Microscopic Examination.— 1. Materials,— Forroutincusethefollowing 
items should be kept on hand: Glass slides, 3 inches by 1 inch; also a few 
3 inches by 2 indies; cover slips, preferably square; hollow-ground slides; 
one forceps, pointed; fine scissors, pointed; safety-nuor blades; platinum 

: ■ ■ and one spatulatc; 

- ■ . • • ■ hydroxide, and the 

' ' - — , ■** - * . cent; sterile saline; 

100-ce. flasks; sterile Petri dishes; a 2-cc. sjnngc of vaseline, with needle; 
dropping bottle of lactophcnol (lactic acid, 20 gm.; phenol crystals, 20 gm,; 
glycerol, *10 gm.; distilled water, 20 gm.). 

2. Collection of Specimens.— In tin’s type of work it is advisable that 
the specimens be collected by the individual who is to make the examina- 
tion. When possible, have the patient report at the laboratory, but if this 
inconvenient, secure the specimens on the ward or in a dressing room. 
After cleansing the affected part with 75 to 95 per cent alcohol or with 

( 341 ) 
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sterile salt solution, such infected materials as hairs, nails, scales or bits of 
tissue, may be collected and placed in a sterile Petri dish. If the material 
collected consists of scrapings from moist surfaces, washings from irrigated 
sinuses or small biopsy specimens, precautions must be taken to prevent 
drying and contamination. Moist preparations should be prepared and 
examined without delay. Biopsy specimens should be divided, one-half 
for mycological examinations and the remainder for fixation and histological 
examination. 

In all cases try to obtain the specimen from an actively infected area 
and not from dried or inactive lesions. Sinuse3 may be gently irrigated 
with sterile saline to cleanse them, and then somewhat more forcefully 
to dislodge the material for examination. Curettement of sinus walls or 
the borders of the infected areas may yield the best samples. A sterile 
safety-razor blade is useful for obtaining small bits of tissue from intact 
lesions. 

Before collecting sputum the teeth should be well cleansed and the mouth 
rinsed with 25 per cent alcohol or sterile saline. The specimen is taken in a 
sterile Petri dish and promptly delivered to the laboratory. Do not use 
specimens collected over a period of several hours for this purpose. 

3. Preparation of Specimens for Examination.— When examining moist 
materials from ulcers, granulomas, sinuses, abscesses, or similar lesions, 
make smear preparations of the exudate, pus or crushed bits of tissue as for 
bacteriological study, including additional smears to be stained by the 
Giemsa and Wright methods. Such stains not only assist in the study of 
any fungi present but also bring out cellular detail and may lead to the 
discovery of a protozoan infection, such as leishmaniasis. 

The curettings, pus, hairs, scales, and the material mentioned above, 
should also be prepared as follows, for mycological study: Outline a vase- 
line square or circle on a clean slide, by gently warming the needle of a 
2-cc. syringe containing vaseline and tracing the design; slight pressure 
on the plunger is all that is needed for an adequate supply. Place the 
material to be examined in the center of the ring or square and add 1 or 
2 drops of the 10 per cent sodium hydroxide. Some workers prefer a 
20 per cent potassium hydroxide for this purpose. Cover the preparation 
with a clean cover slip. After a period of digestion the preparation is ready 
for examination. This period will vaiy with the density of the material 
examined, at times requiring only a few moments but on other occasions 
twelve to twenty-four hours. Heating the preparation over a low flame 
of a Bunsen burner or alcohol lamp allots immediate clearing and avoids 
the delay of twelve hours. This preparation, when cool, can be rimmed 
with vaseline tb avoid drying. It is advisable to establish a routine of 
examining these preparations immediately after completing the cultural 
work and again the next morning. Fungi resist the digestive action of the 
hydroxide and retain their form, whereas the tissue elements disappear. 
Avoid mistaking artifacts resembling yeast-like organisms and hyphte. 
They will not be seen either in similar preparations made with saline or in 
stained smears and such can be used as check methods until the examiner 
becomes more familiar with these artifacts. The epithelial cells show at 
times a separation of their borders which resembles fungi and is sometimes 
referred to as “mosaic.” 
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II. Cultivation.— 1 . Media. 

(a) Sabouraud’s Maltose Agar. 

Peptone ... 

Maltose . 

Agar . , , 

Water 

(b) Sabouraud’s Conservation Medium. 


10 gID. 

40 " 
15 “ 
1000 cc. 


Pe Ptone 30 gm. 

Agar ... . 15 “ 

'Vater IO00 co. 

(Ihe pH of these two media should be correct without titration, i. e., 

oet ween 5 and 6. More agar may be used, giving a stronger surface.) 

(c) Cornmeal Agar .— Heat 62.5 gm. of cornmeal in 1500 cc. water for 

one hour at 60° C. Filter through paper; adjust volume to 1500 cc. Add 

8®’ of agar and heat in an Arnold sterilizer an hour and a quarter, 
filter through cotton, tube and sterilize; tubes for slants or plates should 
be made. The pH will be correct without adjustment. 

(d) Czapek’s Medium (Modified by Dox and by Thom). 


Sucrose 30 00 gm. 

Sodium nitrate . 2 00 “ 

Dibasic potassium phosphate 1 00 “ 

Magnesium eulfate (crystals) . . 0 50 “ 

Potassium chloride ... 0 50 “ 

Ferrous sulfate ... 001“ 

Water .... 1000 00 cc. 


(Agar may be added to form solid medium ) 


( e ) Various enrichment substances have proved useful and may be used, 
such as glucose (1 to 4 per cent), honey (8 per cent), carrot infusion, potato 
infusion, soluble starch (0.2 per cent), beef infusion, beef extract, veal 
infusion, brain extract, spleen extract, and the various sugars. Koser and 
Saunders 1 recommend the use of mannitol for Slreptothrix and the vitamin 
B complex for Slreptothrix and Saccharomyces, which is also of value in 
media for Torula. They give results of experiments with various substances 
as aids to growth. 

The yeast-like fungi Candida (Monilia) can be identified easily by the 
methods of Martin, et al .* These methods include the following: (1) The 
fungus is isolated on Sabouraud’s glucose agar slant, ^transplanted to (2) 
Sabouraud’s glucose acid broth and incubated at 37 C. for forty-eight 
* * " tii e tube is then shaken 

eaked on a beef-extract 
. for ten days, the type of 

colony Is noted, and (4) a well-isolated colony is picked and transplanted 
to a Sabouraud’s glucose agar slant. This is incubated at room temperature 
or 37° C. for twenty-four to forty-eight hours. Some of the growth is 
transplanted to a carrot plug * kick is kept at room temperature and 
Aiitaniimri'T ovnminrd for asci. (5) The rest of the material is streaked on 


sterile 'chamber for several da>s. The slide is then fixed, stained and 
examined microscopically for details of mycelial growth. (7) Four beef- 
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extract broth tubes, containing 1 per cent of glucose, sucrose, lactose and 
maltose respectively, are inoculated with a pipet containing a salin e sus- 
pension of the last transplant of the fungus on the beef-extract agar slant. 

Since Candida (Monilia) albicans is the only pathogenic znewber of this 
group, the identification of this species is important. When the culture 
has been purified, streak with a straight inoculating wire through a corn- 
meal agar plate making a slight furrow. The fungus will produce mycelium 
at right angles to this furrow and by inverting the plate and using the low- 
power objective the growth can be examined microscopically. The appear- 
ance of characteristic chlamydospores is diagnostic. As a further test— 
1 cc. of a 1 per cent suspension of C. albicans injected (intravenously) into a 
rabbit kills this animal in four to five days. Typical kidney lesions should 
be noted at postmortem examination of the rabbit. 

Actinomyces should be cultured in veal infusion dextrose (pH 7.6) shake 
cultures at 37° C. Such cultures provide micro-aerophilic conditions neces- 
sary for the anaerobic A. bods. This material should also be cultured on 
Sabouraud's or beef infusion agar at 37° C. and room temperature since 
some pathogenic species of Actinomyces (A. asieroides) are aerobic. 

Incubator temperature and blood agar frequently produce the growth 
of the yeast-like tissue forms of some fungi that develop filamentous 
cultures on artificial media at room temperature. Blastomyces derma- 
titidis, Histoplasma capsulation and Paracoccidiodcs brasiliensis can be 
converted to the tissue form or maintained in the tissue form by culturing 
at 37° C. 

2. Technic.— Scales, hairs, fragments of tissue, pu3, centrifugalized 
fluids, etc., should be placed upon media having a pH of 5 to 6. Inoculate 
Sabouraud’s maltose agar slants with the material using 4 or more tubes 
for each culture and making 3 or more plants on each tube. Inoculate 
the slants so that the Surface of the medium is slightly broken and the 
material is introduced just beneath the surface of the medium. Incubate at 
room temperature and in an incubator at 22° C. Some fungi, if highly 
parasitic, grow better at 37° C. Many show differences in their cultural 
, ‘ nn ° c \ °7 0 r hence, incubation of 

1 . . Retain the cultures 

Mr a- : J gative. Due to the 

slow growth it is advisable to protect from excess evaporation either by 
using rubber caps on the tubes or by placing tubes and plate3 in some 
form of moist chamber. 

Observe the cultures daily, but do not open the tubes unless definite 
growth is observed; then make at least one subculture as soon as the tube 
is opened. Subcultures are made on Sabouraud’s maltose agar or Sabour- 
aud’s conservation medium. The former is best for primary isolation; the 
latter for storage or for slois er growth and the study of certain character- 
istics. Several subcultures on various media from the first growth are 
always advisable in order that some may remain unopened while others 
are studied, and to assure growth on that most favorable to the organism 
recovered. . . , 

Various methods for staining fungi in tissue and in cultures have been 
described. In tissue, the routine histologic methods are adequate. For 
cultures, the filamentous fungus should be picked from the medium with 
a slightly bent inoculating wire. This material should be placed in a 
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t0 Wh i? h “S 00 Uue Stain hM *»“ ad * d “ d Hen 

• • mth *?**t“R needles. The m il sn™d material is then covered 
■ and yeast-like fungi should 

Iow-dow det f b3: ? s “ bdued light, obtained by lowering the slbstagl^th 
h.^-P. 0 a °Wective) and use of the diaphragm, is usually best. Study 
, ' budding, sporulation, etc., before at- 
■ ■ iilute dye may be run under the cover 

, , r ■ — •; -vcn tube cultures may be well observed 

naer the low power of the microscope by viewing the edge of the slant, 
flanging-drop cultures or drops of maltose agar placed on a sterile slide, 
inoculated and covered with a sterile cover slip, afford another means of 
cultural study. _ It will be found useful to make numerous sketches, true 
as to details, for later study and comparison Thus, differences between 
cultures and between closely-related species will be recorded and noted. 

t°° strongly stressed that tins will also familiarize the worker 
With details otherwise easily overlooked. 

HI, Animal Inoculation.— The mouse, guinea pig or rabbit may be used 
to test the pathogenicity of isolated fungi. Intracutaneous, subcutaneous, 
intravenous or intraperitoneal injection routes may be used. Certain 
yeast-like organisms which produce focal lesions can thus be obtained in 
pare culture. However, many of the fungi pathogenic for man fail to 
infect such animals. Some fungi which produce lesions after injection by 
the intravenous route are innocuous when inoculated by other routes. 


DEFINITIONS 

Thallus: The actively growing, vegetative organism as distinguished from 
the reproductive portions. 

Hypha: The single thread-like portion. 

Alycelih . ■ 

Septa: ' ' 

Spores: ■ 

Conidia ' 1 , 

budding or septate division. 

Conidiophore: The bypha bearing a spore or group of spores. 

Ascospores: Group of spores, usually 4 or 8, enclosed in a sac, or ascus. 

Oospores and Zygospores: The spore resulting from the union of two similar 
spores is a zygospore; if the spores uniting are male (antlieridium) and 
female (oosporangium) , the resultant spore is an oospore. 

Endospore: A spore formed within an outer envelope. 

Blastospore: A spore formed by budding. 

1 ■ . ■ , ' * lents of a hypha and released by 


Chlamydospore: A large spore, either intercalary or terminal, with tough 
and frequently double contoured (thick) wail, undergoing encystment. 
Tkatlospore: Any spore formed from the mam hypha ( or thallus) directly, 
as in r.<-n«nHinr» three. 

Sterigma 

Vesicle: “ 


366 


GENERAL MYCOLOGICAL TECHNIC 


Columella: The distal end of a hypha forming the supporting center of ; 
sporangium. 

Coremium-' Bunched groups of conidiophores seen in some species. (Re 
semble3 a bunch of asparagus.) 

Sporangium: A sac containing an indefinite number of spores, usual I; 

many, at the end of a hypha. 

Sporangiophore: A hypha bearing a sporangium. 




Stolon: Runner-like branches of certain fungi (Rhizopus). 

Rhizoids: Root-like groups occurring along stolons. 

Fuseaux: Fusiform septate spores, produced by certain skin fungi (Trich- 
ophyton). 

Spirals: Terminal coils seen in some species of skin fungi. 

Pectinate Bodies: Comb-like structures formed by some skin fungi- 
IDENTIFICATION AND CLASSIFICATION 
Purity of culture is of prime importance. This can be secured only by 
careful technic and repeated subculture. Inoculation of Sabouraud or 
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Vegetable 

kingdom 


1. Spermatopbyta (seed plants) 

2 . Pterydophyta (fem plants) 

3. Bryophyta (moss plants) 

j A Algaj (chlorophj 11) 

4. Thallophyta I 

(thallus plants) 1 B. Fungi 

( (no chlorophyll) 


■(i 


Schuomycelcs (bacteria) 
ganireetes (true fungi) 
Mjiomycetcs (slime molds) 


Table 61 

1. Phycomyeetes (non-septato mycelium, tjgospores present). 

2. Ascomycetes (ascosporo production characteristic but may not be seen; 

Eumycetea conidia produced and also asexual reproduction, mjcclia septate). 

(true fungi) Basidiomycetcs (basidu, of club-liko hyphen bearing spores: uon-patho- 
genic). 

4. Ifyphomycetes (fungi imperfecti). (Septate mycelium; free-born spores 
or conidia ) 

Note: In these tables the organisms of greater importance in medicine are indicated by 
u«o of boldfaced type. 


Cuisa Obdcm 

I. I’brconycetea MueersUe 


Table 52 
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2 Axomycelc* 


bsrtharomrceUIe* 


{ *virrKsxon<rrra 

{Sr" 1 *"'" 

Mor»o»j>or» (tie ) 

MwirtUcr* { e^’dwat. 


GiauHrinB 




| AspoaUU**- j Xmfrr 

3 ItMidiumy relM-non-rsiWr"'* <™ u - ** > 
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commeal agar plates and the transferor isolated colonies to tubed media is, 
perhaps, the best method. Broth, gelatin, potato, various sugar media 
and at times other special media, are used. Nearly all fungus cultures 
when first grown contain some bacteria. These must be eliminated before 
fermentation tests are performed and stained smears of all positive tubes 
must be studied to assure purity of culture. The use of low pH, lower 
incubator temperatures or certain mild antiseptics may inhibit the bacterial 
growth. Infusion broth tubes inoculated with fungi and showing no 
general clouding in forty-eight hours when incubated at 37° C., are prob- 
ably free from bacterial contamination. The fungi show' more variation 
in response to environment than do most bacteria. Hence, it is important 
that the type of growth be always considered in conjunction with the 
media used. 

As in bacteriology these growth characteristics on certain media are 
the basis of classification together with biologic characteristics, dependent 
on the presence of sugars, the oxygen tension, liquefaction or coagulation 
of certain substances, etc. For these criteria reference must be made to 
texts on mycology and recent articles on some groups, such as the yeasts. 
Classification of fungi is a task too complicated and time-consuming to be 
performed by most clinical pathologists, but the characteristics of the 
more common pathogens and contaminants can readily be learned. Some 
idea of the place of these organisms in the scheme of life may be obtained 
from the accompanying brief outline. 
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CHAPTER XXII 


DIAGNOSIS OF FUNGUS DISEASES 
By Virgil II. Cornell 
COMMON SKIN INFECTIONS 

Depending on the type of lesion and the anatomical region involved, one 
should examine hairs, scales, tops of vesicles, curettings from borders of 
ulcers or sinuses, purulent discharge or portions of biopsy specimens, both 
by direct microscopic study in sodium hydrate solution and by culture. 
Biopsy specimens should be divided for mycological and histological studies 
before fixation. 

In cases of tinea capitis the hairs will show round or polygonal spores 
in mosaic form, about the shaft of the hair; and, occasionally, some hyphaj 
in adjacent scales. Cultures will produce a white, then gray, felt-like 
growth, and frequently eonidia, fuscaux, pectinate bodies and fusiform 
bodies. Some produce a yellow pigment. In other cases microscopic 
study will show the spores in closely packed long chains within the hair and 
culture produces white to yellow downy colonies composed of. mycelium 
and spores. Classification depends upon the form and location of the 
fungus in or on the hair and upon the typ c of culture produced. It suffices 
usually to ide 71 *'*' 7 in unmistakable mass of spores .within the hair or 

upon it. The 
ophyta. The 
separates from 

coaVed wfch spores with perhaps a few hyplue m the adjacent ep.aermts, 
the fungus may be tentatively classed as a Microsporum. If then tare 
orsnnvi in the hair with some in the epidermis, it is likely a 


clinical ] 

From 

by the A v 

lesions are not . versico | or scales of skin removed from the 

adlanchtfcdSa of the lesions may show some mycelia and numerous 
spores, but cultural results ^LtSaf CTUpti o„s „ f the neck, axilla, 

In many cases of tin lcsions 0 f hands and feet (including nails), 

body and limbs, and in Jiyplue. Avoid being misled by anasto- 

tliere are found branchmg^ptt, cpitllclijl ccUs . Culture will 

mosing lines of cleavag i.: tc ; n tlie early stages but occasionally 

yield downy growths, genera'ly.ul.dc ^ ^ pigmcnts £ 

turning pink, brown, g • ) j ot | ier characteristics depends the ulti- 

the medium beneath, unu**- fonn peculiar end organs such as 
mate classification. hndics etc., which, when found, make the 

fuseaux, spirals, pectinate bodies, «c., * (ao9) 
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diagnosis more certain. The lesions of “athlete’s foot” and “dhobie itch” 
are due to fungi of this group. The general term derma tophytosis may be 
applied and the fungus reported as Trichophyton or Epidermophyton. 
Papular or even vesicular lesions may be seen on the hands, face and 


an allergic reaction to the fungus or its products. 

Lewis, MacKce and Hopper* report on the intracutaneous test with 
trichophytin as observed in over 1000 patients. They consider the test 
specific, this specificity being for the genus rather than for species. They 
conclude that certain species may not sensitize; that the patch test is not as 
efficient and that a negative result in the presence of a proved fungous 
infection by this genus indicates a poor prognosis. A positive test under 
such circumstances is considered as being a favorable prognostic sign. 
X negative test with negative results on examination of a primary inflam- 
matory lesion indicates a non-inycotic condition. They also used otdio- 
mycin and obtained specific results in patients infected with Monilia 
albicans. Cross tests of the two groups (trichophytosis and moniliasis 
cases) showed specific reactions with the two extracts. 

The nails may be invaded by the Trichophyta, Epidcrmophyta, or 
Monilia. 

INFECTIONS DUE TO YEAST-LIKE FUNGI 

For clinico-pathological purposes u e may group together all the organ- 
isms which show budding, either in the tissues or on culture media, under 
this very unscientific term; recognizing that before reporting any such 
infection as a finished study the organism must be definitely classified 
botanically. 

Avoid the easily mistaken artifacts seen in older sodium hydroxide prepa- 
rations of skin, exudate or pus which resemble budding forms and even 
appear to grow hyphse at times. Check all suspicious material by moist 
smears without hydrate, stained smears, cultures and animal inoculation. 

This group includes the Monilia, GeOtrichum, Endomyces, Saccharo- 
tnyccs. Cryptococcus (Torula), Coccidioides (not yeast-like), and other less 
frequently seen genera. Remember that this grouping is based on one 
morphological trait only and may not be correct botanically. 

These organisms may be recovered from the various materials above 
mentioned or from scrapings of ulcers and mucous surfaces, sputum, or 
sinus tracts. Cultures, as well as smear preparations, should always be 
made. Incubate the cultures both at 37° C. and at 22° C., because the 
rate and profusion of growth varies greatly at these temperatures in differ- 
ent species. The more highly parasitic fungi may not grow at the lower 
temperature and the more vegetative forms may develop only at a lower 
degree. The same organism may vary greatly in its type of growth at the 
different temperatures and in different media. Some forms are typically 
yeast-like in the presence of protein and definitely filamentous in its 
absence. Fructification frequently occurs only on aerial hyphte and some 
species only produce spores on solid media. _ . . < 

From a case clinically resembling thrush, if definite yeast-like forms are 
seen, cultures on Sabouraud's isolation medium and on cormneal agar 



infections due to yeast-like fungi s7l 

SStSSSlSS? % t ' ren / y - fm,r t0 f ”‘-V-ei g ht hours. Those 
these chapters.) ‘ ' ® eC refercnces t0 other works on Jlonilia in 
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them‘d S " stenw e> "itll a light, fuzzy 
vieM 'nnZ *-W«WL Study of the su 

including the “/UM ” b"T'r "f th f mcdium beneath col'on^ 

cornmeaf agar Dlates mo t f I r ““Shyphre may be seen. Streaked 
with a sterife cover sLXm TJ 7 '■ the lo , W po " er and if “Wred 
Benhami , h,g 0,, J cctlv . e bc “sod. 


'.uiciijr UUOUC 

hlamydospores. She 

;‘i7 ferment . S "* h ^ rfSZ b“ app™ 

4/oS ' VT?* ,n thls '“Pert with JWia prfom from ?mue- 

tocchm^-7/‘T t 0eS “°f fwmen r maIl0Se ' }Ionl,ia canJlda forms Jos in 
stru^T ) J/onifto hrusn does not ferment saccharose or galactose and in 
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i'tQ. 35.— A, Monilia albican* (or psilosia); B, M. ]>arapsi!o)u; C, M. Lrutti 


Stone and Garrod 10 reduced Castellani’s more tlian 42 species of Momli 
to 8 strains by serologic methods. They used a precipitin reaction the 
ferum for which was made by injecting rabbits intravenously at five^dav 
intervals for 5 doses rising from the “opacity equivalent of 500 million <n 
10,000 millions” and bleeding ten days after the last dose. Their extract 
was made from an emulsified Sabouraud agar slant growth in 10 cc of 
saline autoclaved at 15 pounds for thirty minutes and centrifugalired. ^fix- 
tures of the scrum and homologous antigen gave heavy reactions m> 
1:15 dilution and finer flocculation up to 1:23 dilution. They describe 
their complement fixation technic in other articles to which 
should be made for details. They found a saline washing as elective i 1 
yielding sharper details than the su.vjwnsion originally used as an antigen. 
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In the skin Monilia also show hyphal forms but budding is usually seen 
along the hyph® or at their ends. Similar forms are obtained from the 
mucous surfaces. In pus, exudates or sputum, the yeast-like forms usually 
predominate. Stains, preferably Wright or Giemsa, may be used to study 
details. The organisms are Gram-positive and not acid-fast. 

If hyph® are not found, but only budding forms, both in culture and 
smears, the sugar reactions will usually classify the fungus as one of the 
Saccharomycetes or Cryptococci. In old cultures asci may be found. 

If budding forms are absent, arthrospores present, the mycelial threads 
readily disjointed into rather square-ended fragments and certain sugar 
reactions found, then the fungus is probably an Oidium (or Oospora). 
These organisms may cause acid fermentation but no gas in sugar media. 
The frequently encountered Gcotrichum astcroidcs gives a characteristic 
granular radiating colony. 

Endomyces cannot, ordinarily, be differentiated from Monilia in young 
cultures; the presence of asci in old cultures is the differential feature. 

Organisms of the genus Cryptococcus (Torula) may cause localized 
abscesses but are most frequently found invading the central nervous 
system. Cerebrospinal fluid, ecntrifugalizcd and stained for differential 
count, should disclose them. When this condition is suspected, culture the 
sediment on Sabouraud’s medium, incubate at both room and incubator 
temperatures, and observe for three to four weeks. The organism grows by 
budding, forms no hyph® and does not ferment sugars. In tissues it may 
resemble a lymphocyte but is usually surrounded by a halo and budding 
may be seen. In smears they may also resemble lj mphocytes but have a 
definite cell wall with an affinity for basic dyes. 

Double contoured granular organisms shotting budding and grooving 
only by budding, with no asci, are considered as belonging to the genus 
Cryptococcus. 

Benham,® studyi'’" rrnarted as Crvnfnpoccus and Torula, con- 
cludes that these tc ■ 

The presence of ... s otherwise resemb- 

ling Cryptococcus but with no buds, suffices to tentatively classify the 
organisms as Coccidioides These may be found either in fresh material or 
histologic sections. 

The Histoplasma capsulalum of Darling is classed as a Cryptococcus by 
Castellani but the work of DeMonbreim* appears to remove it from this 
group. Thom, of the U. S. Department of Agriculture, considers it 
related to the genus Endomyces. Multiple small spores are seen in endo- 
thelial cells on direct microscopic examination. Growth is by budding in 
some media and at certain temperatures, but definite hypha; are formed 
under other circumstances. Large chlamj dospores become studded by 
protrusions of the capsule and again produce hyph® under favorable con- 
ditions. These features would seem definitely to remove this fungus from 
the Cryptococcace®. DeMonbreun 7 has also reported natural infection of 
the i; , ' 1 ! ‘''Hal infection by feeding 

the . ■ • a reservoir from which 

man . . ! found in the mesenteric 

nodes, Jiver, spleen, peritoneum, g.istro-intestinal tract, lungs, heart, 
meninges, and bone-marrow. 

The term bias torn} ces was used very loosely in the older literature to 
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describe a number of unrelated veast-hke fungi such as JW*«, Crypto- 
rnrni.1 (TonihV and Geotrichum. At the present time all this confusion 


in all parts of North America and in scattered foe. 

The infection has its highest incidence in males be iiee tho ages of went, 

and forty. Blastomycosis may be confined to fcsU ' 0 

the internal organs and produce a severe ‘^ C cons i st of large verrucous 

cent. The skin lesions are “”Jd budZg organisms 

lesions or granulomatous ulcers. Do “ abscesscs which occur 

can be found in the pus expressed fro sections. The generalized 

in the advancing edge of the If 10 "’ " 1 ' d P,. sem bles tuberculosis. The 

disease frequently involves the lungs d ^ or - n pus aspirated 

characteristic orgai 

from subcutaneous 

incubator temperal 

type of growth. C ■ |( j with a complete aoseuce vi 

temperature grow as a white do J | d back int0 the budding 
budding forms. The mold-like form ran j*" 

form by subculture on blood agar . , ^ w hicl, has been studied 

In chromomycosis or oliromo^ (u us appears os a large thick- 
’pigment in its capsule. Cultures grow 
a ;fe rise to a black mold-hke growtli 

C. a , ■ are characteristic of the genera 

with certain fruiting structures disease ; s confined to the skin of the 
lIormodendnmorPJna°P h °r°- J 1 f f Jta l. 

extremities, especially the legs, disease, apparently confined to 

Paracoccidiomycosis is a ifi : f caturc3 resemble blastomycosis and 

South America. Some of its causative agent is Paracoccidioides 

some coccidioidal granuloma. me ™ 
brasiliensis (Conant 1 ). 

_ other relatively common fungi 

tNFECTIONS DDE TO 0 lyinphangitic, lymph 

I. Sporotridiosis.-Cutanww.^ may al | he caused l*y Ms* 0 Ulc 

node, mucosal and deepe several media, incubated at both — • 

genus Sporotrichuol. Cultures 0 ' 1 “ ^ Th c growth is usual}’ 

and a?” C., should he obscricd ic3 bcc o,.ie dark and "mik ed, penetrate 
seen in five to ten days; the col be rc3 ji| y clammed through the 

the medium and arc toyljh. ** 1 ifcuio... Small portions of culture 
wall of tlic test tube "|! h b uI( j j,c placed on a slide; a drop of alcohol 

with thc underlying n.edm... sl.oun^ ^ s]ip l ^n.inc under the 

added, some lactophcnol aowli and tlien alter flattening the “laM 

microscope before presM'S 11 : ri ,|, tlic prcparoUnn of air bubbles and 

by gentle pressure. The « 1 )lcno | clears and kills die fungus, fl 
supixirts the spores; the •> i ' ( l illt , rt "i, 1 iiig -cptate hiplur of ritlur fine 
characteristic picture i» * 
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filamentous form, bearing oval or pear-shaped spores, some attached to the 
hyph® directly, but others formed on small, thin conidiophores with the 
spores grouped in little bunches at the end of the stalk. The spores, when 
detached, germinate by sprouting hyph®. Chlamydospore3 may be seen 
in old cultures. Culture is by far the most certain means of establishing 
the diagnosis. Spores arc rare in smears and in sections of invaded tissue. 

II. Aspergillosis.— Pulmonary and auditory canal infections are the 
chief sources of aspergilli which may be considered pathogens. Skin 
infections are too easily contaminated by these omnipresent fungi to be 
considered as due to them, unless after careful cleansing and repeated 
cultures the fungus can be consistently recovered. In smears and tissues 
only hyph® or a few round or oval bodies may be seen. 

In cultures growth appears rather rapidly (two to four days), at first 
white and fluffy but soon developing darker poiuts of color as the fruiting 
heads appear. Later the entire growth may become black, green, yellow 
or yellowish-green, depending upon the genus isolated. The colors of the 
more common ones are: A. niger, black or purplish brown; A. fumigatus, 
at first green, then gray; A. glauciis, green; A. candidus, white or creamy; 
A. flatus, yellowish -green; A. ochmccus, yellow. 

These fungi may be identified by their characteristic fructifications. A 
specialized cell of the hypba seems heavier in outline, gives off a branch 
near the middle of one side, tin's expands peripherally into a vesicle and on 
the vesicle numerous chains of spores appear. These chains of spores are 
home on short stalks, or sterigmata, or a primary sterigma may support 
several secondary sterigmata and these bear the spore chains. In some 
species the spore chains radiate in all directions about a ball-like vesicle, 
in others they lie close together in a dense brush-like mass arising from an 
oval vesicle. 

III. Penicilliosis.— Fungi of this genus (Penicillium) rarely are patho- 
genic but are often found as contaminants. Mucous membranes, nails, 
beard and even the lungs, have been reported as infected by these fungi 
Repeated positive cultures, after taking all precautions to avoid con- 
taminants, are necessary to establish the pathogenic role of this organism.^ 

Numerous species have been studied and are identified by variations in 
color, form and cultural characteristics. The general cultural character- 
istics are all that is necessary to place a fungus in this group. The hyph® 
are septate and branching, and the terminal branches hear abstrictea 
chains of conidiophores. 

IV. Actinomycosis.— The organisms causing this disease are variously 

called actinomyces, streptotbrix, nocardia, trichomycetes, discomyces, 
actinobacillus, cohnistreptothrix, actinocladothrix, etc. We shall include 
all of these organisms, intimately related if not identical, in the general 
and well-known term ‘'Actinomyces,” for the sake of brevity and clarity 
These organisms are the "missing link” between the Schizomycetes ant 
Eumycetes, being classed as bacteria by some authorities but included m 
the fungi by others. Some authors refer to them as the * higher bacteria. 
(See also Index for further data. These are classified under “Bacteria by 
Bergey* and the Committee on Nomenclature of the American Society ot 
Bacteriologists.) . .. 

Their characteristics are the tangled mass of bacilliform myce la co 
posed of threads less than 1 ^ in diameter; thallospore-like formations 
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cultures 
37° C. . 


CONTAMlXANTS 

SS a , t , ti “ c3 . resemble chain, of streptococci, yet may be definitely 
' ' ' ’■ lie hyphal ends under some arcum- 

■ ■ 1 ning reaction In culture some grow 

... ovnjd slowlv. and then nnlv in anaerobic 

1 others 

J ell3 f ***** group have been grown in infusion broth with 0.1 per cent 
g , l ic growth appearing about 1 cm below the surface as small, white, 
zz> or downy balls which gradually send fine threads further into the 
mm. iigment is generally produced and varies with the strain or 
genus studied. Sporulution occurs by division or fragmentation of the 
istal ends of the hyphai and, though not always seen in cultures of path- 
ogens, the coils at the distal ends of the In pha? are characteristic These 
are seen in cultures on solid media, generally after several subcultures and 
-? oWe F Preparations. Some authorities now claim that only the 
y growing anaerobes are pathogenic. Wc do not consider this point 
definitely settled. 


found in curettings or material removed by fairly forceful irrigation. In 
stained tissues the masses are unmistakable. 

mycetoma or Madura Foot is usually associated with actinomyces. The 
C related organisms known as inadureJla, indiclla, glenospora and 
scedosporium, may well be included here to convey the warning that 
multiple sinuses or granulomata, especially of the feet, should be studied 
w j these organisms in mind. The usual smears and cultures should be 
m &de in an effort to demonstrate fungus infection. The term paramy- 
cetoma is used to designate an infection in which threads but no granules 
j fe demonstrable; pseudomyectoma designates the clinical picture without 
demonstrable fungi. 


CONTAMINANTS 

In cultures made to recover pathogenic fungi many forms will be encoun- 
5j?d which cannot be readily classified. These are the cause of more 
dnculty than the better known pathogens. Retain the cultures, attempt 
0 repeat their recovery from the same lesion after taking all precautions 
r> av °id contamination and, if successful, then proceed to classify the 
Un gus. Attempts at repeated isolation may not be successful but, m any 
®Vent, if the organism recovered is strongly suspected of being the etio- 
logical agent, final classification should be made. Animal inoculation is 
advisable in these cases to prove or disprove pathogenicity. After using 
ah known methods and referring to standard texts for assistance, if the 
fUf igus cannot be classified, it should be submitted to others more expen- 
ded i n this field. . .. . ... 

A rather common and easily identified contaminant is Alteraana, which 
J 133 coarse hyphre and pyriform conidia, tliese latter bearing cross and 
Joagitudinal striations. These multicellular conidia at times appear in 
dms. When seen in urine specimens they ar^ften mistaken for para- 
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sites; their presence in such specimens is due to improperly cleansed 
receptacles. 

Some fungi will be found which do not fructify and merely form masses 
of white or dark mycelia. Some, or perhaps most, of these, are contami- 
nants. Check such results by repeated cultures and try different media at 
both room and incubator temperatures. Multiple cultures, varied media, 
more than one temperature and prolonged observation are essentials to all 
these studies. 
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CHAPTER XX2II 

cocciDioimurcosis 

By Stanuope Bayne-Jones 

Tue ti erm c<x ™ti, 0 *d°niyc o $i9 was introduced by Dickson about 1938 to 
cover ail types of disease caused by the fungus Coccidioidcs immitis. These 
ypes of infection may range from the inapparent, through mild illnesses 
esemhimg influenza and “rheumatism,” with erythema nodosum, to fatal 
granulomatous lesions of the skin, lungs and other organs. 

• Types of Infection. —Slightly modifying a summary by Smith, these 
ypes may be classified as follows: 

J. Initial or Primary Infection (self-limited, nearly always respiratory and 
focalized in the lungs). 

(n) Inapparent or Asymptomatic Form, the usual type of infection 
which involves residents of endemic areas. 

(6) Acute Respiratory, “Influenzal,” or “Pneumonic” Form. 

(c) Ex’ * hated with erythema 

i arthralgia, allergic 

, „ joint or muscle pain; 

known as “San Joaquin fever,'* “Valley fever,” “desert fever,” 
or “desert rheumatism.” 

(d) Pulmonary Cavity Form, probably a complication of the acute 

respiratory type. The cavity usually closes spontaneously but 
sometimes persists, although the infection remains well 
o _ focalized. 

~ . :: . . : iften presenting granulomatous 

lown as coccidioidal granuloma, 

• . “San Joaquin Valley disease,” 

According to Emmons cases of these types may be caused by the closely- 
related fungus Ilaplosporangiujn parvum. 

II. Epidemiology. — Coccidioidomycosis, important both for civilian and 
military medicine, is known to occur in many parts of the world. The chief 
endemic foci are in the southwestern United States, notably in the San 
Joaquin Valley region of California, southern Nevada, Arizona and Nc\v 
-Mexico, and the western half of Texas. It is probable that when other arid 
regions, including North Africa, are investigated as intensively as those 
hsted above, other important areas of endemicity of coccidioidomycosis 
will be found. 

Ihe infection is acquired usually by inhalation of dust containing 
chlainydospores of Coccidioidcs immitis . While direct transmission from 
Person to person is possible, this is rare. The only significant portal of 
en *ry is the respiratory tract. The fungus has been recovered from sod 
and dust, but where it multiplies outside the lesions of animals is not 
kmnvn. Emmons has suggested that the fungus has a rodent reservoir, 
the disease shows a definite seasonal trend of incidence, new infections 
being common during dry and dusty seasons and almost disappearing in 
ra,n y seasons. ^ 

( 377 ) 
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III. Laboratory Diagnosis.— Clinical diagnosis requires confirmation by 
laboratory methods. These consist in (1) demonstration of the fungus in 
materials from lesions, (2) skin tests, and (3) serological reactions, pre- 
cipitin and complement-fixation tests. Determinations of the sedimentation 
rate give useful information as to the state of activity of the disease in a 
patient. 



Fio 30 — A, Sputum culture of C immitu on Sabouraud’s medium, showing white cottony 
fungus growth D, Microscopic appearance of old culture of C. tmmi/ii showing fragmented 
chlamydospores This is the infective form of the fungus occurring In Nature. C, Proto- 
plasm divides into endospores (Dickson and Gifford, courtesy of Arch. Int. Med) D. 
Spherules it» cov er slip preparation. This shows a double contoured spherule without proto- 
plasm, one with undifferentiated protoplasm and a mature spherule with characteristic 
endospores (Photographs, courtesy of Dr. Charles E. Smith ) 


1. Demonstration of the Fungus in Materials from Lesions. — (a) In Sections 
and Scrapings . — The form of Coccidioides found in sections of tissues and 


vary from 10 to 50 m in diameter. 


laboratory diagnosis m 

( b ) By Culture . . 

on a differential m frauds medium or 

nium chloride, 1 n e r rent wKnm „„ * . „ „ " -® “■ * P cr tent ammo- 

phosphate and 2 per cent air Tli^h' <’ S ..? , ’ rc . a ' t,rib ™e potassium 
pounds pressure f„l cr, s . 15 s ‘oniizcd in tile autoclave at 1.-, 

cent copper sulfate is hMjTI?** 3 ' /“? P latos are poured 0.01 per 

™ this mud * “b u r 1 " 111 Cocci, hoidelttreassean lv 

On this inedlm ' 7 fe " ‘T'J ° r , othcr fu “8‘' "'ill Rrnw on it. ' 
colonies, after incubation more ahundautly m, Sabouraud's medium the 
two to seven d,™ , ■ I a 5.' J ‘ m at ronra temperature, appear in 

a leathery mrtace JhlchV'^' P “ rtrati ? s th f »“•'»«>' They develop 

‘ ktur of aerial 

These ni^ Q V IC Sp ^ er * ca * bodies put out filament* 2 to :i ^ m ikimcUr 
bra, ‘f-'“^i inJ Se " , - ,U; ' rt ’fractilu irtltre^ 

“te^olue^at the eull^of^lieiliphre^'* 4 ^ lunca ^ ttJli.tin- 

Th , l in "'bwh cultures have been grown, 

as ueVrfr desi ? nated coccidioidin is used for diagnostic skin test,, 
skin t.Jt ■ j P I f c, P It,n iU1 d complement-fixation reactions Coecidioidin 
diaxrnosM Ji!^^ Cen “^ extensively in epidemiological survey .,,,<1 for 
JL „r }„ f ‘ l ^'Pes of infection. It is particularly valuable in the diag- 
"^PParent infections and infections of the milder tvpes resembling 
f| zii and associated with erythema nodosum. 
follow°* 1 ln * t0 ,,,c thod coecidioidin for skin testa is prepared us 


st-u » C *r* <d . filtrate of this culture are made on known reactors, ami 
U.V', tl . 0n c ^ lcc ^ e ^ 0,1 nonual and previously infected individuals. 
I r folate is added to a final concentration of 1 to 10; IKK). The routine 
hi ti °^. 13 cc> °f 11 1 to 100 dilution of the filtrate injected intnidennally 
I * C 8 r/ 1 dlc duxor surface of the forearm. A }K>»itiv c reaction is a red 
| ‘ swollen area measuring 1 cm. or more in diameter, reaching its peak 
ii* 1 liny ' ilK | , ® ,,rs> The teat is read as is the Mantoux test. Occ.ision.iily, 
■j P^rscnsitivc patients with erytlicma nodosum, severe local reactions 
... ” tcur "ith this dosage, and occ.ision.illy in such patient*, injections 
fh ’ tc * °f I to 1000 or 1 to 10,000 dilutions may be preferable. However, 
antig-up of infection, dissemination of infection, or reactivation of an 
j rrcstwl process has not been seen to follow skill reactions. Coecidioidin 
‘us not yet been purified. In the hands of trained observers tlic U‘<* of 
m material fur skin teats lia> given information of great value l>nth to 
Army and to civilian health agencies. 
rj( __ iu:h:ui:ncl» 

, ud Ui»iuu. VI. A.: Cvmd^ulot lafi<ua iCurc,i..iluajni.j*. Aid. 
Iht. Mel . C2. ijjij. 

‘ Auiui. L L . TI.# I«Su.o «g If.cL-.-x tat-. a iu.ua ?* 

'< vikcc.l«,ij M tnatitu (ruui Wild lUat.su *ai Tt-»a !UUia^u^..y w Cjn. 

*“**■ H«Ulh llm til 171 V 1917 

* • • ■ . N'»iuir.a. Via 

• ■ • ■ • '.«lakS'ai!.»,',:Ai,l/U 




PART IV 


Bacteriology 


CHAPTER XXIV 
GENERAL TECHNIC 
By Harvci R. Lim^iy 
PREPARATION OF MATERIALS 
Glassware 

fl !*, CIeanin £*~The cleanliness anti appearance of glassware depends uj>o» 
. e n i nCSS " atcr 111 "hich it is washed. For hard waters, a softener 
i«,T * ie used. For milk utensils, Imodium phosphate may be useful. 
. as ,. n K machines or hand washing may he used Abrasiv e or alkali soaps 
louJU be avoided. New glassware, providetl it is of gootl quality, can lie 
a ^ cr s * m P^ c cleansing with hot water and soap. Boil the glass utensils 


material; re-rinse in distilled water and place on a clean drainlmn! to dry. 

car used glassware, more elaborate cleansing methods are required. 
Contaminated pipets, immediately after use, arc placed for thirty minute-, 
or longer in tall jars or cylinders containing 2 to 5 per tent compound 
crcsol solution. To wash them attach a largo rubber tube to the odd 
water faucet and insert the ends of several pipets into the ho-e; turn on 
wjc water and force it through until they arc rlean; then remove, rinse in 
distilled water and stand them on end to drain and dry. A Miction pump 
or an automatic pipet washer may be u-ed. If the pipits arc not ilean 
they should be soaked in diehrumate-sulfurie acid cleaning dilution (ve 
I >a ,^ and then washed. 

test tubes, Petri plates, and flasks containing cultures of pathogenic 
bacteria should be autoclax cd, am! their contents emptied into the garbage 
r* ln * They are then boiled in soapy water, clcan-ed with a brudi, rinsed 
ui tap water, drained, dried and jxdidied, if necessary. Ted tulx-> -mcaml 
'' ‘ gs). 

to 

Ik- 

Oil 

11 caning solution either in large gUv» jars or earthenware ci.ntaii.rr* ft r 
fuenty-fouf bourn, then removed with tongs and na<ol tI.«<ro-igMv in 
n »unitig water, after wlitih it i* drained ami dried. 

'<d gl.i'.v didev and cover dips arc ilwisul by fouling in "*Mp ami 
* n,c T« and rinsing in tap water. They arc then pLurd in A |»>«r!aiu dtdi, 

M) 


_ waccr. iviter testing with tne Unger to see if all dirt will rinse 
remove the glass and cool, so it can be handled without danger of 
>reakmg. Rinse thoroughly in running warm water to remove all soapy 
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covered with dichromate-sulfuric acid cleaning solution and soaked over- 
night. Pour off the cleaning solution and rinse in tap water; then wash in 
70 per cent alcohol, dry and polish. New slides and cover slips should not 
be boiled in soap and water, but placed in the cleansing solution and then 
washed in tap water and later in alcohol. Syringes and needles are thor- 
oughly cleaned in tap water, distilled water, 70 per cent alcohol, then with 
ether and dried at room temperature. 

II. Plugging, . Wrapping and Storage.— After the glassware has been 
cleaned and dried it is inspected, and any pieces that are not clear and 
clean are removed /or recleaning. Test tubes and flasks /or culture work 
are plugged with cotton. Tubes for agglutination and other work are 
inverted in clean wire baskets and sterilized. For large flasks, etc., the 
cotton plugs may he wrapped in cheesecloth; and as an added protection 
after sterilization, they may be covered with caps of heavy paper, muslin, 
lead foil, or parafUm. Syringes are dismantled and the parts wrapped in 
heavy unbleached muslin, which is pinned together and labeled. Syringes 
may be dismantled and placed in large cotton plugged test tubes. Petri 
plates are placed in round or square metal boxes for sterilization or they 
may be wrapped individually with paper. Pipets are wrapped individually 
with paper, or can be placed in copper boxes for sterilization. After steriliza- 
tion all glassw'are is labeled and stored in a clean cabinet protected from 
dust. 

STERILIZATION 

Satisfactory sterilization may be secured by dry heat, steam under 
pressure, steam not under pressure, chemicals or by filtration. 

I. Dry Heat.— Dry heat, in an electric or gas oven registering from 
170° to 190° C. for one hour is sufficient provided the containers are not 
large. If sterilizers are well filled, leave air space between containers. 
Large containers of vaccine bottles may require four to five hours’ time. 
Cotton plugs and paper wrappings are destroyed at temperatures higher 
than 190° C. Place the glassware in cans or containers, the tops of which 
are loosened, on the bottom shelf of the oven; and place all wrapped or 
plugged materials on the top shelf. Start the heat, load the sterilizer and 
watch the temperature. When the heat reaches 170° C., regulate it so 
that it will remain at that point, and set a time clock for the desired period 
of sterilization. 

II. Steam Under Pressure.— An autoclave, with or without a jacket, 
is preferred for the sterilization of linen, cotton. goods, rubber, glassware 
and culture media which are not injured by high temperatures. When 
sterilizing bulky materials the time and pressure must be adjusted so as 
to secure the desired penetration. For sterilization with a jacketed auto- 
clave, use the following procedure: Turn the steam into the jacket, with 
the exhaust open, and allow the heat to rise slowly. Close the exhaust to 
the jacket, load the sterilizer and close the door. Open the exhaust to 
the inside chamber, turn the steam into the chamber and when the air 
has been forced out through the exhaust, close it. Allow the pressure to 
rise to 15 pounds or more as desired. Set the time clock for the desired 
length of sterilization. Ordinarily 15 pounds' pressure or 120° C. at steam 
outlet for fifteen to thirty minutes will suffice. Cut off the steam and 
allow the pressure to fall ; or if a vacuum is attached, cut off the steam ana 
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f ^ u ° rdc . r ^ the contents * Allow the pressure to 
Care sVomM K aV 5 “° * e P^iminary heating is not required. 

Vifemrm d V ® V0ld . lowe nng the temperature too rapidly as a 

the containers' 0 pr ° duCed ' vhlch may P uU the ^hjtions and plugs out of 


-The autoclave can be used as an inspissator for Locffler’s and PctrofTs 
media, provided the inside temperature is kept below 100° C. Warm the 
jacket and then place the media in the autoclave with the desired slant. 
Jj™ . e d ° or and turn the steam into the chamber. Open the exhaust to 
he inside chamber and with the first appearance of steam at the exhaust, 
close it. Allow the pressure to rise to 15 pounds and cut off the steam. Let 
he pressure fall of its own accord. Repeat on two succeeding days. The 
r °m P roce dure is satisfactory for PctroiT’s anti other egg media. For 
Locfflcr s blood serum, the pressure should be held at 10 pounds for fifteen 
minutes, and then cut off and allowed to cool. This is repeated on three 
succeeding days. 

HI*. Steam Not Under Pressure.— The Arnold sterilizer is used for 
materials that may be damaged by overheating. Boil the water in the pan 
to insure plenty of live steam, remove the top or open the door and place 
the material in the sterilizer. Ilcat for the desired time and repeat the 
procedure on the two succeeding days. 

I' * Chemicals.— Compound crcsol solution in strengths of from 2 to 5 
Per cent is commonly employed to sterilize discarded glassware or old 
cultures, and for cleansing floors, tables, rubber gloves, etc. Rubber 
stoppers are conveniently sterilized by boiling in 5 per cent phenol solution, 
for at least twenty minutes. 

' • Filtration.— Sterile Bcrkcfeld, Mandler, Seitz or other filters are 
employed for removing bacteria from liquids that may be damaged or 
destroyed by heat, such as antisera, dextrose solutions, special liquid 
media, etc. 


STAINS AND OTHER SOLUTIONS 

Saturated alcoholic solutions of the basic aniline dyes arc kept in stock 
mid used for the preparation of the more dilute solutions as desired The 
solubilities of various dyes in water and in 05 per cent alcohol are indicated 

i ■ 

1( . .. _ The stains commonly employ id for 

k Methylene Blue.— Aqueous solution prepared by adding 03 cc. of dis- 
tilled water to 5 cc. of saturated alcoholic solution of meth\ line blue. 

-• Loeffler’s Alkaline Methyleno Blue.— Made by adding 70 cc. of l to 
I0/KX) solution of KOH (0.1 cc. of 10 per cent KOI! in 100 cc. divtilfcd 
"a ter) to 30 cc. of saturated alcoholic solution of methylene blue. 

3. Satranin.— To 10 cc. of the saturated alcoholic dilution add W cc. of 
distilled water. 

b B Umar ck Brown. -Dissolve 0.2 to I J*r cent of the jwvidcr in Udling 
«atcr, cxMil and filter. , ,, . . . ... . 

•». Carbolfuchsin (dilute).— To 10 cc. of carboHm.h mo tWnl’ed under 
the Zichl-Xeel-en stain add 90 cc. of water. 

ror ordinary* us; thes; stains are applied for two to five imnuto, after 
vv hich the slide b washed with water, blotted ami dried. 
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Table 53. — Solubility op Drag (Phepabed bt Conk)* 


D >« Water 

Methylene blue (chloride) ... * _ 3 55 

Fuchsia (basic) Rosaniline (chloride) . . 0.39 

Para Rosamlina (chloride) . . 0 20 

Para Rosaniline (acetate) . . . . 4.15 

New fuchsia (chloride) . ... 1.13 

Methyl violet . 3.93 

Crystal violet (chloride) 1 68 

Eosin Y (Na salt) 44 20 

Eosin, ethyl 03 

Eosin B (Na salt) ...... 39 11 

Erythrosin (Na salt) . . 11.10 

Bismarck brown y . 1,36 

Picric acid ...... 1 18 

Pyronin B (iodide) . 0 07 

Pyroain Y . . . . . . .8.96 

Safnmin 5 45 

Toluidiae blue (O) 3 82 

Thionin 0 25 


Alcohol, 
95% 
1.4S 
8 16 
5 93 
13 63 
3.20 
15 21 f 
13 87 
2 18 
1 13 
0.75 
1 87 
1 08 
8 96 
1 08 
0 60 
3 41 
0 57 
0 25 


II. Differential Stains.— A. Gram's Method.— This is the most impor- 
tant of all bacteriological stains. There are many modifications of the 
original method in use, but the basic principle has not changed; namely, 
the use of a good primary violet stain, followed by Gram’s iodine, a decol- 
orizing agent, and a contrast counterstain. 

1. Reagents.— (a) For the -primary stain: Crystal violet, saturated 
alcoholic solution, 1 part; ammonium oxalate, 1 per cent aqueous, 4 parts. 

(6) Gram's Iodine.— Iodine, 1 gm.; potassium iodide, 2 gm.; distilled 
water, 300 cc.; or distilled water, 240, dissolve and add 60 cc. of 5 per cent 
aqueous sodium bicarbonate. 

(c) Dccolorizer. -Ninety-five per cent alcohol or acetone. 

(d) ‘ Counterstain.— Aqueous, simple contrast stains, of safranin, Bis- 
marck brown, or dilute carbolfuchsin. 

2. Technic.— Prepare even smears, dry in air and fix by heating over 
flame. Apply primary stain for one to two minutes. Pour off excess and 
add Gram’s iodine solution for one minute. Wash in water and apply 
decolorizer until no further traces of violet can be detected. Wash in 
water and apply counterstain for one minute. Wash in water, blot and 
air dry. 

3. Results.— All newly prepared stains should be checked ith known 
Gram-positive and Gram-negative organisms, as staphylococcus and E. 
coli, before use. Gram-positive organisms retain the violet color; while the 
Gram-negative ones lose the violet and are colored by the counterstain. 

B. Neisser's Method for C. Diphtheria, f— This method depends on the 
demonstration of granules. Many lots of methylene blue contain an excess 
of alcohol-insoluble foreign material, and this accounts for the irregularity 
of the staining quality if the dry dye is weighed and used to prepare the 
staining solution 

1. Reagents.— (a) Neisscr No. 1— For a satisfactory stain, mix 1 cc. 
of a saturated 95 per cent alcoholic solution of methylene blue with 50 cc. 


t ■ 
1941 
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TOte* ahly PKpaKd 5 per ccnt so,ution of social acetic acid in distilled 

" V P f Aqueous Bismarck brown, or safranin. 

„ “'““--Prepare films, atr dry and fix by beat. Apply Neisser No. 1 

0 ^urwXb.oS c ,y in tap water - Apply “ tain for 

C. Ziehl-Neelsen Method for Genus Mycobacterium. -This method is 
used tor separating acid-fast from non-acid-fast organisms and depends 
upon a primary stain, a deodorizer and a contrast counterstain. 

1. Reagents.— (a) For the primary stain, mix 10 co of a saturated 
alcoholic solution of fuchsia (basic) with 00 cc. of a 5 per cent solution of 
phenol m distilled water. 

. The decolarizer is usually a dilute acid or acid-alcohol. Three per cent 
lydrochloric acid in 95 per cent ethyl alcohol is satisfactory for routine 
work. 


(c) Counterstain. — Loeffler’s alkaline methylene blue. 

-. Technic.— Prepare films, air dry and fix by heat. Apply carbolfuchsin 
and heat gently until steam appears over surface. Allow to steam for five 
minutes. IVash in water and decolorize with acid-alcohol until a faint pink 
remains. Wash in water and counterstain with Loeffler’s alkaline methylene 
blue for one minute. Wash in water and air dry. 

. 3. Results.— Acid-fast organisms are stained red. Non-acid-fast organ* 
isms are stained blue. 

D. Hiss' Method for Capsules.— 1. Reagents.— (a) The staining solution 
is prepared by mixing 10 cc. of saturated alcoholic solution of gentian 
violet or fuchsin with 90 cc. of distilled water. Some prefer undiluted 
Gram's crystal violet or carbolfuchsin solutions. 

(b) Copper sulfate, 20 per cent aqueous solution. 

2. Technic.— Films arc prepared from fresh material or by mixing 
cultures of organisms with animal scrum, preferably beef serum. Dry in 
air but do not heat. Apply staining solution; heat until steam appears and 
allow to stain for one to two minutes. Wash off the stain with the copper 
sulfate solution. Blot dry (do not wash) or examine wet under a cover slip. 

3. Results.— Tlie capsule should show a lighter color than the body of 
the organism. 

E. Churchman’s Capsule Stain.— Prepare films and air dry. Flood the 
film with Wright's stain and allow to remain until it is almost evaporated to 
dryness. A pinkish color replaces the original blue of the stain. This takes 
from three to five minutes. Wash off rapidly with water or with Clark 
and Luh’s buffer pH 6.4 to 6.5. Dry with a fan but do not blot. The body 
of the organism stains blue; the capsular substance a purplish-pink which 
‘3 often surrounded by a deeper purplish-pink peripheral zone or capsular 
membrane. 

; . „ ■ : T. . 1 :’s Method).— The 

specially cleaned, 
•cmight, pour off 
r. Pour off water, 

cover with 95 per cent alcohol, and add alwut lo drops of concentrated 
ammonium hydroxide. A few minutes later pick out one at a time with 
forceps, and dry carefully with lens paper. (Xe\cr touch with fingers.) 
f'lacc in a Petri dish cleaned in the same manner. Ifcat in a hot air oven 
25 
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at 275° to 300° C. for one hour. If a drop of tap water is placed on the slide 
or cover slip and it remains in place and spreads out evenly about its edge, 
the slides are properly cleaned. 

1. Reagents.— A special reagent i3 necessary for fixation, instead of 
heat. It is composed of two solutions, as follows: 

(а) Solution A.— Feme chloride (1 to 20 aqueous solution), 1 part; 
tannic acid saturated aqueous solution, 3 parts; this solution improves 
with age, and should be at least a week or two old. It should be kept in 
stock and filtered before use. 

(б) Solution B.~ Aniline, 1 part; 95 per cent alcohol, 4 parts. 

(c) Staining Solution .— For staining, after using the fixing solution, 
mix 30 cc, of Loe filer’s methylene blue with 3 cc. of solution B. This is 
ready for use and keeps well. If a red stain is desired in place of the blue, 
use carbolfuchsin. 

2. Technic.— After careful preparation of cultures in broth to insure a 
good motile strain, transplant to nutrient agar and incubate from six to 
twelve hours. Gently remove a loop of the growth from the agar and place 
it in a tube of sterile tap water. Hold the loop in the tube of tap water 
without agitation until you see a slight opalescent change in the water, 
around the loop of growth. Remove loop and place the tube in the incu- 
bator for one-half hour to allow diffusion of the organisms. Gently remo\e 
tube from incubator and, without shaking, take several small loopfuls of 
the suspension and place on the specially prepared slides or cover slips. 
(Do not spread.) Air dry, add 8 drops of solution A, and immediately add 
1 drop of solution B. Allow the combination to act at room temperature 
for two minutes. Wash in tap water and touch the edge of the cover slip 
or slide to a piece of filter paper. (Do not blot) Flood the slide or cover 
slip with the staining solution, either the special methylene blue or carbol- 
fuchsin, and allow to act at room temperature for two to three minutes. 
Wash thoroughly in tap water, air dry and mount in balsam. 

G. Spore Stain.— Prepare a film in the usual way and fix with heat 
Stain with carbolfuchsin as in the Ziehl-Neelsen method. Wash in hot 
tap water. Rinse rapidly with 95 per cent alcohol. Apply Loefiler's methy- 
lene blue for two to five minutes. If the film is thick, pour off methylene 
blue and add more blue. Rinse in tap water, blot and dry. 

H. Fontana’s Treponema Stain.— Fontana’s method is particularly 
adapted for the staining of T. pallidum in smears from chancres. Three 
solutions are required: 

I. Reagents.— 


Acetic acid (glacial) . ... 1.00 cc. 

Formalin (40 per cent) . . . 2.00 cc. 

Distilled irate 100.00 cc. 

(b) Mordant 

Phenol (liq. crystals) . - . . 1.00 cc. 

Tannic acid 5.00 gm. 

Distilled water lOO.OOcc. 

(c) SUvor Solution 

Silver nitrate . .... 0.25 gm. 

Distilled water ...... 100 00 cc. 


To a part of the silver nitrate solution, add a dilute solution of ammonia, 
drop by drop, until the precipitate that forms is dissolved. Then add, drop 
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by drop, a small quantity of the silver nitrate solution until a faint opales- 
cent color is produced. 

2. Technic.— Spread a thin film of material on slide, air dry, and treat 
with the fixing solution for one to two minutes. Renew the fixing solution 
during this time. Wash in running water. Pour on mordant and heat 
gently until steam rises; continue for one-half minute. Wash in running 
water and then in distilled water. Rinse with the silver solution, add fresh 
silver solution and heat until steam rises. Wash, air dry, and mount. 

3. Results.— T. jxiltulum appears dark brown or black on a light brown 
background. 

III. Relief Methods.— India ink or Congo-red (Homans) 2 |>erccnt, may 
be used ns contrast materials in the demonstration of organi'-ms. The 
India ink (fliggin's) should be homogeneous and free from gross particles 
or bacteria. Place a drop of the material to be examined on a slide, add a 
drop ol India Ink, mix and spread evenly, similar to a blood smear. Air 
dry and examine with the micro -coj>e. Remans uses 2 j»er cent Congo-red 
in place of the India Ink and after drying treats the film with acid-alcolml 
which converts the stain to a purplish-blue color. 

IV. Miscellaneous Solutions.— In the bacteriological !al>oratory. a 
number of miscellaneous solutions an? required for routine use. Some of 
these arc listed below. 

1. Sodium Chlorido (Physiological Salt) Solution.— 

Sodium chloride . S 5 pm 

Distilled water ... IduoOrc. 

2. Bufler Solution.— 

Sodium dihjdrogrn phoqiliatc (Nall, 1*0.) . . 2$ SI pn 

Dnodium h) drogrn |>h<*|ih.ite (Xa.IlPO,) 125 00 pn. 

DUtiUcd water ... . .to JWfllOcc 

3. Sodium Chloride Solution, BuUercd.— 

Uuilrr xtluiion (al«ovr) 20 0 cc 

Sodium clilundo .S 5 pn. 

Di»tillrd water ... .... to tunocc. 


I. Sodium Citrate -Sodium Chlorido Solutions. - 


S*imsn citrate r p. 

10 U pn. 

2»> 0 pn 

1(0 0 pu 

r**xli ,m clil«.nd« 

h 5 pn. 

■» p:> 

*» 5 C-‘ 

Da tilled water 

IU.U 0 re. 

lt>*> 0 cr. 

lull Ore. 

Potaxamm Ox ala to Solution.— 
|\tau.Jit uvalate 
.vL# cU-i.de 


0 pa 


.......... HU«, 


(’uapjUtinn t:.*% l-c prrvrlilnl by adding l «r • f tin lat. 

.-fbh-1. 

•1 Sod, urn Car tea a to Sol«Uaa.— T«»i *"J- J^r liter • l ■aatrf. i 
b r t* .hr.; it.* t run r:,t*. a* it J nw:»t* **«».- h a 


to 10 cc. 
hvel 


MOCUCMZCAL RJ1ACCNTS AND 7B5T3 
1. IndKAlcrs fer Ptr:*! red hiU»C t*r e«j,t s-l-’.x a, 

• I o| et: t -» l fs-n^rev.4 j'-ij-'e. a:.l 0 1 ;*r t»:.l «■>,-**'.» h’v^* 

j Hue -vl-t* n» A 

if ti ( < :» i» ;:.a^pr»?c»l *,\U !}.f ha -r urd 
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II. Indol Test.— Bohnic's reagents, which consist of two solutions, are 
satisfactory for this test. 

1. Reagents.— 


(a) p-Dimethylaminobcnzaldehyde 4 gm. 

Ethyl alcohol, 95 to 96 per cent 3 S 0 cc . 

Hydrochloric acid, concentrated SO cc. 


(6) Potassium persulfate, saturated aqueous solution. 

The organism is grown for five days in 1 per cent peptone water. To 
this culture add I cc. of ether, shake and allow to stand. Then allow 1 cc. 
of the Solution (a) to run down the side of the tube. If no color appears 
in one minute, add 1 cc. of the Solution ( b ). A positive reaction is shown 
by the appearance of a pale pink to a deep magenta color. 

III. Nitrate Reduction, Eosvay’s Method.— 1. Reagents.— 

(<*) ... 1 gm. 

... 22 cc. 

■' of dilute 


(6) Sulfaniiic acid 0.5 gm. 

Dilute acetic acid 150 cc. 


Grow the culture for five days at 37® C. in broth containing 0.1 per cent 
KNOj. Add 1 cc. of the Solution (a) and follow this by 1 cc. of the Solution 
(6). A pink, red or maroon color is positive; no coloration indicates a 
negative reaction. 

IV. Ammonia (NHj).— A peptone water culture, grown for five days at 
37° C. is tested by adding 0.5 cc. Ncsslcr’s reagent. 

Brown color = positive 

Faint >el!ow color = negative 

V. Hydrogen Sulfide (H*S).— Test organisms by inoculation on lead 
acetate agar. This medium is prepared by sterilizing extract broth, con- 
taining 4 per cent peptone and 2.5 per cent agar, and adding to it an 
equal quantity of a sterile 0.1 per cent aqueous solution of basic lead 
acetate. 

Bro«n or black color = positive 
No color = negative 

VI. Reductase Test (R).— To a twenty-four-hour broth culture add 
1 drop of 1 per cent aqueous methylene blue, and incubate at 37° C. 
Complete decolorization indicates strong reduction; a green coloration is 
weakly positive and no decolorization is a negativ e reaction. 

VII. Catalase (C).— Use a twenty-four-hour agar slant culture incu- 
bated at 37° C. Pour 1 cc. of H : 0 : (10 volumes) over the growth, and set 
the tube in an inclined position. If gas hubbies are produced the reaction 
is positive, if no gas is produced it is negative. 

VIH. Methyl-red Test (M.R.).— Add 5 drops of 0.04 per cent solution 
of methyl red in 60 per cent alcohol, to a culture grown four days at 37® C. 
in glucose phosphate medium [proteose peptone (\\ itte or Difco) 0.5 gm., 
KjHPO* 0.5 gm., glucose 0.5 gm., water 100 cc., pH 7.5]. A red color is 
reported as positive and a yellow color as negative. 

IX. Voges-Proskauer Test (V.P.).— Add 5 cc. of a 10 per cent solution 
of KOH to a culture grown for four days at 37° C. in glucose phosphate 
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medium. The color develops slowly, and the test should be read after 
eighteen to twenty-four hours. A pink fluorescence indicates a positive, 
and no color a negative reaction. 

X. Oxidase Test.— 1. Reagents.— 

Dimcthylparaphenjlcnediaminc hydrochloride* . . 1 gm. 

Distilled Mater (tap water may be used) . , 100 cc. 

Prepare a solution by adding I gm. of the dye component to 100 cc. of 
distilled water. Store in rubber-stoppered flasks. The solution should be 
prepared freshly each week. 

2. Technic.— (a) Apply a loopful of the solution to the surface of a 
single likely looking colony. Some workers prefer to flood the entire plate 
at once by pipeting from 1 to 2 cc. of the oxidase reagent to the surface 
of the medium. 

(6) Colonies of Neisseria will show a series of color changes from pink 
to maroon and finally black. 

(c) The organisms are usually dead by the time the black stage is 
readied but if the colony is subcultured before this stage, viability can 
be maintained. 

CULTURE MEDIA 

The microorganisms encountered in medical bacteriology necessitate the 
use of a variety of culture media. This outline is limited to the technic of 
preparation and to the description of a few of the common media. 

Dehydrated culture media prepared by reliable manufacturers and sup- 
plied in the dry form can be advantageously substituted for the homemade 
media. Directions for their use are enclosed with each preparation. 

Many media are prepared from nutrient broth containing the soluble 
constituents of meat, which is a canned extract or an infusion of fresh 
meat combined with peptone. Many peptones arc on the market, but for 
routine use Difco Bacto peptone is recommended, and, unless otherwise 
noted, is the one employed in the formulx given here. 

I. Adjustment of Reaction.— The hydrogen ion concentration of media 
may be determined and adjusted cither by the electrometric or the colori- 
metric method. 

1. Electrometric Method.— Special apparatus using the glass electrode is 
employed. For a discussion of the principles involved see Chapter XZV 
and the references listed there. 

2. Colorimetric Method. — This method, which is commonly used in 
determining the reaction of culture media, is based on the fact that certain 
substances known as indicators display a range of different colors in solu- 
tions of different hydrogen-ion concentration. Of the indicators discussed 
in the section on chemistry, those most used in media titration include 
phenol red with a color range from pH 6.8 to 8.4, bromthymol blue with 
a range from pH 6.0 to 7.6 and cresol red of which the range is pH 7.2 to 8.8. 

* OR Tetramethylparaphenylenediamine hydrochloride solution may be made and used 
in exactly the same way It is less toxic and gives the colonies a lavender color, which eventu- 
ally turns purple. It has the disad\ antage of sometimes coloring the surrounding medium, 
and is more expensive than the dimethyl 

t For a comprehensive description of the many axailable media. *=ee A Compilation of 
Culture Media, by Levine and Scboenlein, Baltimore, Williams & Wilkins Company, 1930. 

t Descriptions of the more commonly used media are giv en in the American Public Health 
Association's Manual of Diagnostic Procedures and Reagents, 1941. 
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For the titration of metlia sets of color standards are used. Each set 
usually consists of 9 color standards containing 10 cc. of buffer solution 
and 0.5 cc. of indicator and increasing by 0.2 pH in each tube over the 
range given by the particular indicator, a tube of distilled water, and a 
comparison tube. 

Phenol red and bromthymol blue sets are prepared and distributed from 
the Army Medical School, Washington, D. C. They may also be secured 
from the various laboratory supply houses. 

The set is used in the following manner for the titration of media. A 
fuller discussion of colorimetric methods is given in Chapter XIV. 

Select the standard tube of the desired pH and place it in the right front 
hole of a “comparator block,” and place immediately behind it a tube of 
the medium to which no indicator lias been added. In the left rear hole 
place a tube of distilled water and in the left front hole a tube containing 
10 cc. of medium to which has been added 0.5 cc. of indicator. Hold the 
comparator block toward the daylight and determine whether the medium 
has the same color as the pll standard. If not, add to the medium, meas- 
ured quantities of 0.1 N NaOH or 0.1 N HC1, as required until the colors 
are alike. From the volume 0.1 N acid or alkali used to adjust 10 cc. of 
the medium to the desired pH, the amount required for 1 liter may be 
estimated by multiplying the number of cc. used by 100. After the final 
addition of XaOII or HC1, recheck the pH of the medium and make any 
other adjustments indicated. 



Fio 37.— Comparator block. For use in the colorimetric titration oi culture media. 


ing steam as they become more acid after autoclaving. Peptone water is 
usually rendered more alkaline by sterilization. The addition of agar 
causes" little change In the reaction of a fluid medium, but gelatin increases 
the acidity. 
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II. Clarification. — Media may be clarified either by ccntrifugalizing or 
by filtration through cotton, gauze, cloth or paper. If necessary, eggs may 
be added and coagulated by heat just prior to filtration. 

III. Distribution.— The media should be placed in sterile glass flasks 
or tubes before sterilization. As a rule tins is done by placing the fluid 
medium in a large container or funnel from which it is delivered through 
a hose controlled by a pinch-cock. While the quantities are not usually 
measured, the following approximate amounts have been found to be 
convenient for 150 x 1G mm. test tubes; for agar slants 5 cc., agar unslanted 
10 to 15 cc. and for fluid media 10 cc. 

IV. Storage.— After sterilization, culture media should be stored in a 
refrigerator or cold room, and the necks of the flasks or tubes should be 
protected with caps of paper, or lead foil. In certain places, especially in 
the tropics, fungi commonly grow through unprotected moist cotton, 
stoppers and contaminate the medium inside the container. 

V. Formulae for Basic Culture Media.— 

Meat Extract Broth 
(For routine use) 

1. Beef extract 3 gin. 

2. Peptone . . .... 10 gm. 

3. Sodium chloride ... . 5 gm. 

4. Distilled water . .... 1000 cc. 

Add the weighed ingredients to the distilled water and heat slowly on 
a water bath to 05° C., stirring until dissolved. Make up the loss in weight 
with distilled water, and adjust the reaction so that the final pH will be 
between 7.2 and 7.4. Boil over a free flame, cool to 25° C., make up the 
lost weight with distilled water, clarify and if necessary readjust the reac- 
tion. Distribute in test tubes or flasks and sterilize in the autoclave at 
15 pounds’ pressure for fifteen minutes. 

Meat Extract Broth 
(Standard for water analysis) 

1. Beef extract 3 gm. 

2. Peptone . .... 5 gm. 

3 Distilled water . . 1000 cc. 

Prepare as directed above but adjust the final reaction to between 
pH 6.4 and 7. 

Meat Extract Agar 
(For routine use) 

To 1000 cc. of meat extract broth add 20 to 30 gm. powdered agar 


the reaction to°pII 7.2 to 7.4. Tube or place in flasks and autoclave at 
15 pounds for fifteen minutes. 
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Meat Extract Agar 
(Standard for water analysis) 

To 1000 cc. of meat extract broth for water analysis add 15 gm. of best 
quality agar. The reaction should be adjusted to pH 6.4 to 7. 

Meat Infusion Broth 


1. Beef or veal round, free from fat, ground . 500 gm. 

2. Distilled water 1000 cc. 


Mix the meat and water and infuse in the icebox for eighteen to twenty- 
four hours. Heat in the Arnold sterilizer or over a low dame for one hour. 
Squeeze through cheesecloth until 1000 cc. are obtained. Add 5 gm. of 
sodium chloride, and 10 gm. of peptone and dissolve over the flame. Filter, 
and add distilled water to 1000 cc. Titrate to pH 7.4. Tube or flask and 
autoclave at 15 pounds’ pressure for fifteen minutes. 

Meat Infusion Agar 

Add to 1 liter of meat infusion broth 20 gm. of agar and proceed as in 
the preparation of meat extract agar. Adjust to pH 7.4. 

Celatin, Nutrient 

1. Meat extract broth 1000 cc. 

2. Sheet gelatin (purified) .... 120 gm. 

Place the broth in a double boiler and add the gelatin. Weigh and 
dissolve by beating. When gelatin is dissolved, titrate to pH 7.4. Re-weigh 
and add distilled water to the original weight. Add one egg mixed with a 
small quantity of water to clarify, re-heat slowly until the egg is firmly 
coagulated. Filter through cotton. Tube in 10-cc. portions and sterilize 
in the Arnold for twenty minutes on three successive days. 

VI. Formulas for Special Culture Media.— 

Hun toon's Hormone Medium 


1. Beef heart (fresh, finely ground) . 500 gm. 

2. Peptone 10 gm. 

3. XaCl 5 gm. 

4. Egg, whole 1 

5. Agar (Bacto) . . ... 20 gm. 

6. Water, distilled 1000 cc. 


Place all ingredients in an enamel ware vessel and heat over the flame 
to 68° C., stirring constantly. Titrate to pH 8. Cover the vessel and 
place in the Arnold sterilizer for one hour. Remove the vessel from the 
sterilizer and separate the firm clot from the side of the vessel. Return to 
the Arnold sterilizer for one and one-half hours. Remove and allow to 
stand in an inclined position, at room temperature, for ten minutes. Care- 
fully decant or pipet off the clear portion and filter it through a fine wire 
sieve into tall cylinders. Allow to stand for fifteen to twenty minutes and 
remove the fat from the surface. The medium may be further cleared by 
filtering through glass wool, asbestos wool or by centrifugalizing. Tube in 
10-cc. portions and sterilize in the Arnold for twenty minutes on three 
successive days. 
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Glucose Agar 

To 1 liter of melted meat extract agar or meat infusion agar, add 10 gm. 
of glucose and heat slowly until dissolved. Titrate and adjust the reaction 
to the original pH of the agar. Place in tubes or flasks and sterilize in the 
Arnold on three successive days. 

Blood Agar 

Add 5 to 10 per cent of sterile defibrinated blood (preferably horse 
blood) to meat infusion agar or meat extract agar that lias been melted 
and cooled to 45° C. Pour into plates, or place in tubes and slant; incubate 
to determine sterility. 

Chocolate Blood Agar 

Add 5 per cent of sterile defibrinated blood to melted meat infusion agar 
at 50° to 55° C., mix carefully to avoid bubbles and slowly raise the tem- 
perature to 75° C. Pour into plates or tube and slant. Incubate to determine 
sterility. 

Serum Agar 

To 1 liter of melted meat infusion agar add 100 cc. of sterile norrnul 
horse scrum. Place in sterile tubes and slant, or pour into Petri plates. 
Incubate to determine sterility. Sterile ascitic or hj drocelc fluid may be 
used instead of the serum. 


Liver Infusion Agar 
(For Ur. abortus) 


1 . llccf liver infusion . . 

. . 500 gm 

2. Distilled water . . . 

500 gm 

3. Agar 

20 gm 

4. Peptone 

10 gm 

5. NaCl . 

5gm. 

C. Egg albumin 

10 gm. 


To prepare I, weigh 500 gm. of ground beef liver, add 500 gm. of dis- 
tilled water and infuse in a cool place for twenty-four hours. Strain through 
cheesecloth and collect the 500 gm. of infusion. Now add 3 to 2 and auto- 
clave for thirty minutes at 15 pounds’ pressure. Dissolve -1 and 5 in I. 
Dissolv c 6 in 10 cc. water. Combine all ingredients except the egg albumin, 
and make up the weight lost by evaporation. Adjust auction to pH 7. 
Cool to 50* 0. and add dissolved egg albumin. Heat to 100* C. for one and 
one-half hours. Strain through a fine wire sieve ami filter through eleati 
glass wool, llcnd just to pH 7. Tut>c in 15-cc. amounts and autoclave at 
15 pounds’ pressure for thirty minutes. When needed, melt and make 
slants or pour into plates. 

Trypigw 

1. Hot f or veal round (free fn-m fat, finely ground) gm. 

2. Distilled wat«x . . • cc. 

Place 1 and 2 in a container and add 20 |*er cent NaOH until slightly 
alkaline to litmus. C«x»h the ingredient* at 75* C. for five minutes, coed to 
37* C. aw! add 0 5 gm. of trypsin (Ikuto). Ineulute at 37.5’' C. for five 
hours. Hemovc 5 cc. of the fie pud ami add 5 cc. of 1 N Nat 111 af.d 1 tv 
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of dilute aqueous CuSO«. A pink color indicates that trypsinlzation i 
complete. If no reaction is obtained reincubate for one hour, and re-test 
When trypsinization is complete, acidify slightly with glacial acetic acid 
and bring slowly to the boiling-point and hold for fifteen minutes. Filtei 
through wet paper, add 20 gm. agar and 5 gm. N'aCl. Heat to dissolve th< 
agar, clear with an egg, adjust the reaction to pH 7.6, and autoclave foi 
fifteen minutes at 15 pounds. 

Teal Infusion Brain Broth 
(For Streptococci and Anaerobes) 

With a large bore pipet or tube place approximately 10 cc. of ground 
fresh calf brain into the bottom of a large tube (200 x 25 mm.) and add 
35 cc. of veal infusion broth pH 7.G. Autoclave at 15 pounds for twenty 
minutes, cool; remove 10 cc. of the supernatant fluid and check the reac- 
tion. If the reaction is pH 7.4 to 7.0 it is satisfactory, but if there has been 
a drift of the pH, adjust to pH 7.6. Estimate from the titration of the 
10 cc. the amount needed for the bulk of broth and correct the reaction. 
Then fill the tubes with similar quantities of the brain tissue and broth. 
Sterilize in the autoclave at 15 pounds for twenty minutes. Incubate at 
37° C. to determine sterility. 

Robertson’s Medium 
(For Anaerobes) 

1. Beef heart 500 gm. 

2. Peptone 10 gm. 

3. Water, distilled 1000 cc. 

Obtain a fresh beef heart, remove all fat, fascia and blood vessels. Chop 
or grind the muscle into small pieces. Add 1 and 2 to 3 and bring to a 
boil, adjust the reaction to pH 8. Continue to simmer for one and one-half 
hours. Readjust the reaction. Separate the broth from the meat and 
place in flasks. Sterilize in the autoclave at 15 pounds for fifteen minutes. 
Place the meat on clean filter paper and dry in the oven at 5G° C. for forty- 
eight hours. Place the desired quantity of dried heart in the bottom of a 
test tube and add to it a 10-cc. amount of the above broth. Autoclave, 
cool, remove broth and retitrate. Adjust the reaction of the broth to the 
desired pH to cover the fall in pH attending sterilization. Now fill the 
tubes with the same quantity of meat and broth and autoclave at 15 pounds 
for thirty minutes. The final pH should be 7.4 to 7.6. 

Calcium Carbonate Broth 
(For Pneumococci) 


1. Meat infusion broth 1000 cc. 

2. Glucose 1° 6“- 


Add 2 to 1 and dissolve by beating. Adjust the reaction to pH 7.6. 
Place clean marble chips, CaCOj, in the bottom of test tubes and add the 
broth. Sterilize for fifteen minutes in the Arnold on three successive days. 
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Blood Culture Medium (Kracke) 


1. Heart muscle extract .... S00 cc. 

2. Brain suspension . . 110 cc 

3. Sodium citrate . .1 gm. 

4. Dextrose (Bacto) . 10 gm 

5. Proteose peptone (Difco) 10 gm. 

6. Disodrum phosphate . 2 gm. 

7. Sodium chloride . . .4 gm. 


Obtain fresli beef hearts and brains. Trim the fat from the hearts and 
grind the muscle in a small bore meat grinder. Weigh 500 gm. of the 
heart muscle and mix with 1000 cc. of distilled water. Place in the ice- 
box overnight. Press through four layers of cloth gauze. Now heat the 
filtrate to the boiling-point, and filter through a small mesh wire or copper 
gauze. 

Macerate or grind the beef brain, weigh 250 gm. and mix with 500 cc 
of distilled water and infuse overnight in the refrigerator Filter through 
four layers of cloth gauze. Slowly heat the filtrate to the boiling-point 
with constant stirring. Do not filter. 

Mix 1, 2, 3, 4, 5, G and 7, heat until all ingredients arc in solution. Adjust 
the reaction to pll 7.4. Place in tubes or flasks in 50-cc. portions andsterilize 
in the autoclave at 15 pounds’ pressure for twenty minutes. 

There is sufficient complement-fixing substance in this 50 cc. of medium 
to fix the complement in 10 to 12 cc. of blood. 

Bile Medium 
(For typhoid group) 

1. Ox bile .... ... 9(X) cc. 

2. GI>ccroI . . . . 100 cc. 

3. Peptone .... 20 gm. 

Combine 1, 2 and 3 and dissolve by heating oi cr a water bath. Place 
in small flasks or bottles ami autoclave. 

Brilliant Green Lactose Bile 

1. Peptone 10 gm. 

2. Ijictoso 10 gm. 

3. I)i*Ullcd water not more than iW) cc. 

I >issol\ e 1 and 2 in 3. Add 200 cc. of fresh ox bile or 20 gm. of dch} d rated 
ox bile dissolved in 2l)0 cc. of distilled water. The solution of dchxdratcd 
ox Idle shall have a pll between 7.0 and 7.5. Make up with distilled water 
to approximately 975 cc. Adjust the reaction to a pll reading of 7. 1. Add 
13.3 cc. of a 0.1 per cent solution of brillunt gT(xn in distilled water. Add 
sufficient di'dllcd water to make the volume ltxMcc. Filter through cotton. 
Distribute in fermentation lubes and sterilize. The reaction after steriliza- 
tion (determined by potrntiornctric and not by colorimetric method*) 
should l»c not less tlun pll 7.1 and not more than pH 7.4- 



396 


GENERAL TECHNIC 


Levino’s Eosin— Methylene Blue Agar 
(Standard for water analysis) 


1. Distilled u ater . 

2. Peptone » .. „ * 

3. KiHPO* 

4. Agar 

5. Lact-osc, 10 gm. or 20 per cent, sterile solution . 

6. Eosin, yellowish, 2 per cent aqueous solution 

7. Methylene blue, 0.5 per cent aqueous solution . 


1000 cc. 
10 gm. 


20 cc. 
20 cc. 


Dissolve 2, 3 and 4 in 1 by boiling. Make up loss due to evaporation. 
Place measured quantities in flasks. Just prior to use, add to each 100 cc. 
of the melted agar, 5, 6 and 7 in the following amounts: 


Lactose, 20 per cent, sterile 5 cc. 

Eosin, 2 per cent aqueous . 2 cc. 

Methylene blue, 0.5 per cent aqueous .... 2 cc. 


Mix thoroughly and pour into Petri plates. Allow to harden and incubate 
for sterility. All ingredients may be added, sterilized in bulk or in tubes, 
and then stored. Ilcmclt and pour plates. 

Die.— For the routine determination of organisms of the coli-aerogenes 
groups in water. 

Note.— V or the isolation of pathogenic organisms from feces it is essential 
to reduce the dye content to one-half of the above amounts, and to test 
each lot of medium for bacteriostatic action before use with known cultures 
of the Ebcrthclla and Shigella organisms. 


Endo’s Medium 
(Standard for water analysis) 


(a) Basic Stock Agar.— 

1. Beef extract . 

2. Peptone 

3. Agar . . . 

4. Distilled water 


5 gm. 
10 gm. 
30 gm. 
1000 cc. 


Place 1, 2, 3 and 4 in a container and weigh. Boil the ingredients until 
the agar is dissolved and make up the lost weight with distilled water. 
Place in a straight-walled vessel and autoclave at 15 pounds’ pressure for 
fifteen minutes. Allow the agar to solidify; dump it, in mass, on a clean 
paper, cut the detritus from the bottom and discard. Melt the clean clear 
agar and adjust the reaction to between pH 7.8 and 8.2. Distribute in 
100 cc or larger measured portions. Autoclave at 15 pounds’ pressure for 
fifteen minutes. 

(6) Preparation of Plates.— It is necessary to add to the basic agar 
definite quantities of lactose, certified basic fuchsin and C. P. sodium 
sulfite. Prepare a 10 per cent solution of basic fuchsin in 95 per cent 
alcohol, allow to stand twenty-four hours; decant and filter the super- 
natant fluid. This is the stock solution. Prepare a 20 per cent C. P. lactose 
solution and sterilize by the fractional method. When ready to make 
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plates, melt a known portion of the stock agar and to each 100 cc. add 
the following ingredients in the order given: 

■ 5 cc. 

. . . 0 5 cc. 

, , . - ' . ■ shed in a small 

quantity of hot distilled water 0 125 gm. 

After the addition of the sodium sulfite mix all ingredients thoroughly 
and pour into sterile Petri plates Allow the agar to set at room tem- 
perature and place in the incubator overnight to harden. Remove and 
check to determine sterility. 

Agar, Sodium Desoxycholate 

1. Water . . 1 kg. 

2. Peptone . 10 gm. 

3. Agar . . ... 12 to 17 gm. 

4. Sodium chloride ... .5 gm. 

5. Lactose ... .10 gm. 

0. Ferric ammonium citrate . . 2 gm. 

7. Dipotassium phosphate ... 2 gm. 

8. Sodium desoxycholate 1 gm. 

9. Neutral red (1 per cent solution) 3 cc 

Dissolve the peptone in the water. Add sufficient sodium hydroxide to 
bring the reaction to pH 7.3 to 7.5. Boil for a few minutes and filter through 
paper. Add the agar to the peptone water; allow to soak for at least fifteen 
minutes Melt the agar by boiling or autoclaving. To each liter of melted 
agar add about 6 cc. of 1 N sodium hydroxide; then add all of the other 
ingredients (except the neutral red) in the order given and as rapidly as 
possible. Titrate the medium to pH 7.3 or 7.5 and add the neutral red. 
(Use phenol red indicator for the titration.) Sterilize the medium in flowing 
steam. Heat only long enough to kill the vegetative cells. (For tubes with 
10 to 15 cc. of medium, heating for fifteen minutes is sufficient.) 

Selemte-F Enrichment Medium* 

1. Sodium hydrogen selenite (anhydrous) 4 gm 


2. Peptone ... 5 gm. 

3. Lactose . . 4 gm. 

4. Sodium phosphates (anhydrous) 10 gm 

5. Water to make . 1 kg. 


* Tetrathionata Broth Base (Bacto), dehydrated, is an excellent enrichment medium for 
isolation of Eberthella, Salmonella and Shigella. 

Mix and warm to dissolve the ingredients. Bring to boil ; further steriliza- 
tion is not necessary. Determine experimentally the exact proportions 
of monosodium phosphate and disodium phosphate which, together with 
the particular kind of peptone used and a particular lot or make of sodium 
selenite, will give a reaction of pH 7.0 to 7.1. 


1. ' 

2 . 

3. 


Russell’s Double Sugar Agar 


1000 cc. 
40 cc. 
4 cc. 
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Mix the melted agar and the two sugars in the above proportions and 
adjust the pH to 7.2. Add 50 cc. of 0.02 per cent aqueous phenol red. 
Filter if necessary, tube and sterilize in the autoclave at 8 pounds for 
twenty-five minutes. Slant the tubes with a deep butt. Check the reaction 
with known strains of E. coli and E. typhosa. 

Simmons’ Citrate Agar 
(For citrate utilization) 

L NaCl 

2. MgSO« 

3. (NHOHjPO. 

4. Sodium citrate (2 H,0) 

5. Distilled water ... ... 

6. Agar 

7. Bromthymol blue, 1.5 per cent alcoholic 

solution 

Dissolve 1, 2, 3 and 4 in 5 and add 6. Heat to dissolv e the agar, adjust 
the pH to 7.2 and then add 10 cc. of 1.5 per cent alcoholic solution of 
bromthymol blue. Filter through cotton, tube, and autoclave at 15 pounds 
for fifteen minutes. Slant with a deep butt. Check the reaction of the 
medium with known cultures of E. coli, A. aerogenes, S. schottmuelleri, and 
E. iyphosa before using routinely. 


Jordan’s Tartrate Agar 

1. Agar 20 gm. 

2. Peptone 10 gm. 

3. Sodium potassium tartrate . . . 10 gm. 

4. NaCl 5 gm. 

5. Distilled water 1000 cc. 

6. Phenol red, 0.2 per cent alcoholic solution . 12 cc. 


Add 1, 2, 3 and 4 to 5 and dissolve by heating. Adjust the pH to 7.4 
and then add 12 cc. of 0.2 per cent alcoholic solution of phenol red. Tube 
in approximately 10-cc. quantities and autoclave at 15 pounds for fifteen 
minutes. Check the reaction of the medium with known cultures of S. 
aerirycke, S. enteritidis, S. paratyphi and S. schottmuelleri before using 
routinely. 

Lead Acetate Agar 
(For H 2 S test) 

1. ‘ ' . . . 100 cc. 

2. . . 4 cc. 

3. . t , . . 4 c c. 

4. Lead acetate (sterile, 0.5 per cent solution) . 1 cc. 

To 100 cc. of the sterile melted agar, add 2, 3 and 4 of the sterile Seitz- 
filtered solutions in the quantities given. Tube aseptically. Incubate to 
determine sterility. Check the reaction of the medium with known strains 
of S. paratyphi and S. schottmuelleri. 

Dieudonne’s Alkaline Blood Agar 
(For Vibrio comma ) 

1. Nutrient agar ....... JOOcc. 

2. Blood, beef, defibrinated . . . . 150 cc. 

3. KOH, 1 N solution. s .... 150 cc. 


5 00 gm. 
0.20 gm. 
1 00 gm. 
2.28 gm. 
1000.00 cc. 
20 00 gm. 

10 00 cc. 
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Prepare nutrient agar and neutralize to litmus (about pH 6.8). Mix 
equal parts of 2 and 3 and steam in the Arnold sterilizer for thirty minutes. 
To 7 parts of the agar add 3 parts of the alkali-blood mixture. Pour Petri 
plates and allow to harden uncovered but protected by paper. Place strips 
of sterile filter paper between the dish and the cover to absorb the moisture 
and ammonia. Incubate for fifteen hours at 37° C. before using. 

Carbohydrate Broth 
(For fermentation tests) 

Before the addition of fermentable substances to broth it is necessary 
to render the baric medium sugar-free. Take 1000 cc. of infusion broth 
and inoculate with an actively growing culture of E. cali; incubate for 
eighteen hours at 37.5° C. Kill the organisms by boiling a few minutes. 
Place 20 to 30 gm. of purified talc in a large mortar and gradually add the 
wJ>5b» prJndinp. until all is thoroughly mixed. Filter through net 


sterility. 

iVo/e.—Some bacjeriolog’ • 
free broth as a vehicle for 
mentioned above may be cl...., — 

Lactose Broth 

(Standard lor water analysis) 

Uctosc broth is prepared in the same general manner as nutrient extract 
broth with the additiou of 0,5 per cent of lactose. The removal of muscle 
sugar is unnecessary as the beef extract and peptone arc free from any 
fermentable carbohydrates. The reaction should be between pll G.-l and 7. 
.Sterilize in the autoclave at 15 pounds for fifteen minutes, limiting the 
total time of exposure to heat to one-half hour. 

Clark and tubs* Medium 
(For Voges-I’roskaucr and Methyl-red tests) 

t. Peptone 5 g m- 

2. Dextrose . 5 gm. 

3. D/potAMiuzn phosphate (K,UFO<) 5 gm. 

•I. Distilled water .... 1000 re. 

Add 1. 2 and 3 to 4 and dissolve by healing. Filter through paj>cr ami 
replace the lost water. Tube in 10-cc. quantities and sterilize in the Arnold 
for twenty minutes on three successive days. 

BendicV* Saccharose Peptcna-irater 
(For Vihrio conna) 

T» cc. of peptone solution, neutralized to phcnolphlhalein. add 
1 gm. of anhxdruua sodium carbonate. Boil ami filler. Now add 5 gm. of 
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saccharose and 5 cc. of a saturated solution of phenolphthalein in 50 pei 
cent alcohol. Tube in 10-cc. portions and sterilize in the Arnold for fifteen 
minutes on three successive days. 

Peptone Solution (Dunham’s) 

(For indol test) 


1. Bacto-tryptone (Di/co) 10 gm. 

2. Sodium chloride o gm. 

3. Distilled water 1000 cc. 


Dissolve 1 and 2 in 3 by heating. Adjust the reaction to pH 7.6. Filter 
if necessary'. Tube in 10*cc. amounts and autoclave at 15 pounds’ pressure 
for fifteen minutes. Alkaline Bacto-tryptone solution, pH 8 to 8.4, is an 
excellent medium for nitro-indol reaction for V. comma. Other peptones 
may be worthless. 

Nitrate Broth 

(For nitrate reduction test) 


1. Peptone 10 gm. 

2. Potassium nitrate (KXOj) nitrite-free . . 1 gm. 

3. Water, distilled, ammonia-free .... 1000 cc. 


Dissolve 1 and 2 in 3 by heating. Filter through paper. Tube in 10-cc. 
portions and sterilize in the Arnold for twenty minutes on three successive 
days. 

Bromcresol Purple Milk 

Remove the cream from sweet milk. Heat the comparatively fat-free 
portion in a cylinder in the Arnold sterilizer for twenty minutes. Re-skim 
the fat from the milk and to each liter add 40 cc. of a 0.04 per cent aqueous 
solution of bromcresol purple. Tube in 10-cc. quantities and sterilize for 
twenty minutes in the Arnold on three successive days. Incubate to 
determine sterility. 

Loeffier’s Medium 
(For C. diphtheria) 

Collect beef blood in sterile, large glass or porcelain-lined containers. 

Allow to C •' .* 7, ’ 7 

sterile gla , ’ . 7 

3 parts of . ■ ' 

taining 1 , 1 ... 

until the serum is firmly coagulated. Sterilize for twenty minutes in the 
Arnold on three successive days. After sterilization, paraffimze the co on 
plugs and test for sterility. 

Hiss’ Serum-water Medium 
(For fermentation tests) 

To 1 part of clear serum add 3 parts of distilled nater, mix and heat in 
the Arnold sterilizer for fifteen minutes to destroy ferments. Add 1 per cen : 
of the desired carbohydrate dissolved in a small amount of hot water. 
To each 1000 cc. add 50 cc. of a 0.02 per cent aqueous solution of brom- j 
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thymol blue. Tube and sterilize for twenty minutes in the Arnold on 
three successive days. Incubate to determine sterility. 

Glycerol Agar 

To 1 liter of melted meat infusion agar add 30 cc. of pure glycerol. 
Adjust the reaction to pH 7.2. Tube, autoclave at 15 pounds for fifteen 
minutes and slant. 

Petroff's Medium 
(For M. tuberculosis*) 

This medium is composed of meat juice, eggs and a minute amount of 
gentian violet. 

1. Meat Juice .— In a cool place infuse 500 gm. of beef or veal in 500 cc. 
of a 15 per cent solution of glycerol in water; after twenty-four hours, 
place in a sterile press and collect the extract in a sterile container. 

2. Immerse washed eggs in 70 per cent alcohol for ten minutes. Pick 
out with sterile tongs, flame, and break in a sterile container. Stir until 
well mixed and strain through sterile gauze into a sterile container. Add 
1 part of meat juice to 2 parts of egg by volume. 

3. Add 1 per cent alcoholic solution of gentian violet to make a final 
proportion of 1 to 10,000. Thoroughly mix the ingredients, tube, inspissate, 
and sterilize as in making LoefHer's medium. Ordinarily, 350 cc. of meat 
juice, 28 eggs and 10 cc. of 1 per cent alcoholic gentian violet will be needed 
for 1000 cc. of the medium. 

Cystine Blood Agar 
(For P. tularensis ) 

1. Beef or veal infusion broth . . 1000 cc. 

2. Agar . 15 gm. 

3. Peptone 10 gm 

4. NaCl .... 5 gm 

Add 2, 3 and 4 to 1 and dissolve by heating. Adjust the reaction to 
pH 7 8. Autoclave at 15 pounds for thirty minutes and filter. Place in a 
flask and again autoclave at 15 pounds for fifteen minutes. Before use, 
add to the above: 


5. Cystine or cystine hydrochloride . . 1 gm. 

6 Glucose ... .... . . 10 gm. 


To the basic medium add 5 and 6 and dissolve by heating in the Arnold, 
and then sterilize for thirty minutes. Cool to 50° C. and add 50 cc. of 
sterile horse blood. Tube ascptically in 10-cc. portions and slant. Incubate 
to determine sterility. 


Noguchi's Leptospira Medium 

1 . S0Q cc. 

2.' 100 cc. 

3] . . 100 cc. 

4’ _ w > parts 

distilled water) . . - 10 to 20 cc. 

* For special sclecu\ • media see Diagnostic Procedures tuid Reagents, American Public 
Health Association, lMl. 

20 
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Combine (lie above sterile solutions and tube in 10-cc. amounts undei 
aseptic conditions, or mix 3 and 1 and sterilize in the autoclave for twentv 
minutes. Cool to 55 C., add 2 and sufficient of 4 to color a faint pink, 
lube in 10-cc. portions under aseptic conditions. Incubate at 37° C to 
determine sterility. 


Tryptone-Glucose-Extract-Milk Agar 
(For milk analysis) 


1. Agar . . . 

2. Beef extract . 

3. Tryptone . . 

4. Glucose . . 
d. Distilled water 


15 gm. 
3 gm. 
5 gm. 
1 gm. 
1000 cc. 


Dissolve by boiling over a free flame, make up volume lost, and adjust 
reaction to pH 7. Add 10 cc. of skim milk. Dispense measured amounts 
(100 or 200 cc.) in flasks, or place 10 to 12 cc. in test tubes. Autoclave 
fifteen minutes at 15 pounds. 


Tellunte Medium 
(For C. diphtherias) 

Melt infusion agar or 0.2 per cent dextrose agar, 10 cc. in tube or larger 
measured quantity in flask, and cool to 50° C. For each 10 cc. of medium, 
add I ce of citrated or defibrinated blood and 1 cc. of a sterile 2 per cent 
solution of potassium tellurite. Mix and pour into Petri dishes. An excellent 
tellurite medium may also be prepared by adding 5 cc. of Bacto-tellurite 
blood solution to 100 cc. of Bacto-dextrose proteose No. 3 agar, heating 
to 80° C., cooling to 50° C., and pouring plates. 

Bismuth Sulfite Agar (Wilson and Blair) 

(For E. typhosa) 


A. Agar Base. 

1. Agar, granulated or powdered 20 gm. 

2 Beef extract 5 gm. 

3. Peptone 10 gm- 

4. Water, hot, to make 1000 cc. 


Dissolve the ingredients by autoclaving for fifteen minutes. Store in a 
refrigerator if not used at once. 


B. 

■ . . . 0 gm. 

, ,. j ^ 20 gm. 

3. Dextrose ' . .... 10 gm. 

4. Disodium phosphate, anhydrous (NajHPOi) . 10 gm. 

5 Water 200 cc. 


Dissolve the bismuth ammonium citrate scales in 50 cc. of boiling water; 
the sodium sulfite in 100 cc. of boiling water; and the dextrose in 50 cc. 
of boiling water. Mix the solution of bismuth ammonium citrate ana 
sodium sulfite; boil; then add the sodium phosphate while boiling. Allow 
the mixture to cool; then add the dextrose solution Add water to make 
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up lost weight and store in a well stoppered pyrex vessel in a dark cup- 
board at room temperature. 


C. Iron Citrate Brilliant Green Solution. 

1. Iron citrate (ferric citrate) I gm. 

2. Water . 100 cc. 

3. Brilliant green, 1 per cent solution . . . 12 5 cc. 


Dissolve the iron citrate in the water with heat and add the brilliant 
green solution. Store in a well-stoppered pyrex vessel in a dark cupboard 
at room temperature. To 1000 cc. of hot melted agar base, add with 
thorough mixing, 200 cc. of bismuth sulfite mixture and 45 cc. of iron 
citrate brilliant green solution. Pour immediately into porous-top Petri 
dishes, 15 to 20 cc. to each. Keep the plates at room temperature for one 
to two hours and then store in a refrigerator until required. It is advisable 
to use these plates within four days after preparation. 

Note .— Bismuth sulfite agar (Wilson and Blair) may be prepared by- 
using Bacto or other dehydrated products. Directions for preparation are 
found on the bottle. 

Chocolate Agar 
(For Neisseria*) 

1. Strip lean meat from 5 to 6 fresh beef hearts and grind. 

2. For each 500 gin. of meat, add 1 liter tap water 

3. Infuse in refrigerator overnight 

4. Strain and squeeze through coarse gauze 

5. Add 10 gm. proteose peptone No. 3 (Difco) per liter. 

6. Heat to 50° C for one hour 

7. 

8. ' r 

9. 

10. Boil lightly for ten minutes. 

11. Decant measured quantities in flasks and autocIa\e at 

15 pounds for fifteen minutes 

12. Cool to 60® C , add 5 per cent human or horse blood, 

place in water bath and heat slowly to 80° to 85° C , 
rotating flask to produce even mixture. Cool to 55° C. 
and pour plates. 


BIOLOGICAL PRODUCTS 

A variety of products are required, of which part are purchased from 
commercial manufacturers, while others are prepared in the diagnostic 
laboratory. The products prepared locally include: (a) autogenous vac- 
cines, (6) antigens for diagnostic tests, and (c) antisera used for the identi- 
fication of bacterial species. 

I. Autogenous Vaccines.— If autogenous vaccines are to be made, it 
is important to exercise great care throughout their preparation in order 
to insure the selection of the organism responsible for the infection, to 
avoid contamination with spore-forming bacilli, especially those which 
produce powerful soluble toxins, and to obtain a sterile bacterial suspension 
which can be safely administered to the patient. As many different methods 
have been advocated for the preparation of autogenous vaccines, this dis- 
cussion will be limited to a few general principles. 

• Preferred to proteose peptone No. 3 »t»r and hemotlobia. 
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_ !• Selection of Bacteria.— With the infected materials, such as pus or 
tissues^ prepare Grain stained films and examine them microscopically to 
determine the types of organisms present. Inoculate plates of infusion and 
blood agar, and hormone broth or brain broth media. Incubate at 37° C. 
for twenty-four to forty-eight hours. Examine the plates for predominating 
types of colonics and make Gram stain preparations from each type. Also 
make Gram stain preparations from the broth cultures. Select isolated 
colonies of the type desired and transfer to plates to isolate pure cultures. 
Transfer the broth cultures to plates, if organisms arc not similar to those 
already isolated' on primary plates. .Viter growing the isolated strains, 
make Gram stain to insure purity. Transplant the culture to desired 
media for the vaccine. Do not use spore-forming bacilli or any organisms 
which are obviously contaminants. 

2. Preparation of Suspensions. —Bacteria, grown on solid media in tubes, 
may be suspended by adding to the cultures small amounts of sterile 
salt solution, in which they are emulsified by shaking or by agitation with 
a platinum loop. If broth cultures arc used, the bacteria should be sedi- 
mented by centrifugation and resuspended in sterile salt solution. Re wash 
the organisms in salt solution to eliminate traces of toxic products/ The 
suspensions should be quite heavy, and of a density comparable to tubes 
5 to 8 of the ncphcloineter (1500 million to 2400 million). The bacterial 
suspension is placed in a sterile flask or bottle containing beads and thor- 
oughly shaken to break up clumps of organisms. It is then filtered asep- 
tically through several layers of gauze or through coarse filter paper held 
in a small funnel, to remove particles of culture media or other debris.* 

3. Dilution and Dosage.— The concentrated bacterial suspension is next 
diluted with 0.83 per cent saline to the desired strength, which for adults 
is 1000 million per cc. and for children 500 million per cc. Hith such 
concentrations, initial doses of 0.1 cc. will contain 100 millions andoO mil- 
lions, respectively. If desirable, still smaller amounts may be used, increas- 
ing the subsequent doses by 0.1 or 0.2 cc. If two or more organisms are 
present, separate suspensions may be prepared and diluted as abo\e, 
and if desirable they may be combined. 

4. Methods of Determining Bacterial Content. 

A. Direct Count (Helber Chamber). 


(а) Materials .— . , , 

(1) Helber chamber with reinforced cover slip. 

(2) Sterile culture tubes. 

(3) Precision pipets 1 cc. and 10 cc. .... „ „ 

(4) Saturated ethyl alcohol solution of methjl violet 6 li. 

(5) Five per cent aqueous phenol solution. 

(6) Buffered salt solution containing 1 per cent formalin- 

(7) Sterile capillary pipets. 

(8) Microscope complete with lighting equipment. 

(б) Tccknic.-For each day’s work, prepare a staining solution con- 
sisting of saturated alcoholic methyl violet 0 B, 0.5 cc. and aqueous phenol 
solution 5 per cent 50 cc. Mix the reagents and filter through a close- 
grained filter paper until free from small particles. Set up 3 sterile test 
tubes, and add, in order, the 


salt solution; 9 cc., 2 cc., 3.5 c< 

1 cc of the bacterial suspension . 
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pipet. Transfer 1 cc. to the second tube containing 2 cc. of diluent. Mix 
and transfer 1 cc. to the third tube containing 3.5 cc. diluent. Mix the 
third tube and add 0.5 cc. of the filtered phenolized methyl violet solution. 
This gives a dilution of 1 to 150 of the original vaccine. Heat the tube 
containing the mixture of vaccine and stain over the flame until it bumps 
slightly. Remove and allow to stand for three minutes. 


with a well-mixed portion of the stained vaccine, and by capillary attraction 
exactly fill the chamber. Place the cell on the stage of the microscope and 
allow the preparation to stand for five minutes. Locate the center of the 
ruled field with the 1/6 power objective. Place a drop of thin cedar oil 
on the cover slip, increase the light and with oil-immersion lens focus on 
the squares. Count the bacteria in 1 square, raise the lens slightly and 
continue the count until those near the under surface of the cover slip are 
included. Continue the process until 20 squares are counted. All bacteria 
in clumps must be counted or accurately estimated. Duplicate counts and 
accuracy are essential. 

(c) Results .— Divide the total number counted by 20 to obtain the 
average for 1 square. The squares are 1/20 mm. by 1/20 inra. and the 
chamber is 1/50 mm. deep. Multiply the average for 1 square by 20 by 
20 by 50 by 150 by 1000 =* number of bacteria per cc. m the original 
suspension. (Or multiply the average of 1 square by 3 billion.) 

V B. Nephelometer Method (McFarland).— This method can be used when 
the suspensions contain no coloring matter. For broth vaccines a nephcl- 
oineter prepared with broth must be used. The bacterial suspensions are 
compared with various densities of barium sulfate in a scries of test tubes. 

(a) Nephelometric Stcnidards .— Set up 10 uniform test tubes of hard 
glass, add 1 per cent chemically pure IIjSOi, and 1 per cent chemically pure 
BaCl in tile following amounts: 

Tadlk SI 

Driwljf rorre*(>on<l» 


0 

10 


llisOt lUCt 

(«« ) (cc ) 

9 0 OI 

9 8 0 2 

0 7 0 3 

0 0 0 4 

0 5 0 5 

0 4 0 0 

0 3 0 7 

0 2 OS 

0 1 0 0 

9 0 10 


»u»|-emion» of kboul 
(million*) 

300 
COO 
900 
1200 
1500 
1S00 
2100 
2 too 

2700 

3000 


'flic tubes are hermetically scaled and Ul>eled serially from 1 to 10. 

(6) Technic .— Place a measured quantity of the bacterial suspension in 
a test tube of the same size and color as tlios: u-ed for the nephdometer 
standards and, if necessary, dilute with a measured amount of saline to the 
density of the standard. 

(e) Results .— Determine the approximate bacterid content and multiply 
this by the dilution factor. For example, if the vaccine was diluted I times 
and the density com>]>omled with Tul>c 3, the factor of that tube (CO) 
million), should be multiplied by 1, giving au estimated bacterial content 
of 3000 million |>cr cc. t 
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5. Sterilization.— Vaccines may be sterilized by the addition of chemicals 
or preferably by heat. 

(а) Chemicals.— 'Place a measured quantity of the desired dilution of 
the suspension in a sterile vaccine bottle and add tricresol to a final con- 
centration of 0.5 per cent. One cc. of a 5 per cent solution is required for 
10 cc. of vaccine. Close the bottle with a sterile rubber stopper, mix and 
incubate at 37° C. for forty-eight hours. Remove 1.5 cc. with a sterile 
syringe and test for sterility and toxicity as indicated below. 

(б) Heat ,— Place the bacterial suspension in a sterile vial and seal 
hermetically. Weight the vial with sheet lead and heat under water in a 
water bath at 60° C. for one hour. Remove from the bath, dilute to the 
desired strength and place in a sterile vaccine bottle. Add tricresol to a 
final concentration of 0.25 per cent. Cork, mix and remove 1.5 cc. with a 
sterile syringe for sterility and toxicity tests. 

6. Sterility and Toxicity Tests.— Place 0.25 cc. of vaccine in a tube of 
infusion broth or into an agar pour plate. Place 0.25 cc. into a shake 
culture of dextrose infusion agar. Incubate for seven days at 37° C. and 
examine the cultures on the second, fourth and seventh days for growth. 
Inject a mouse with 1 cc. intraneritonenllv r>Wrv« 


/. The Label.— The label should show the name of the patient, type of 
vaccine, bacterial content per cc. and the date made. 

'll. Antigens.— A variety of antigenic substances are required either for 
the production of specific diagnostic antisera in animals or for use in 
testing the sera of patients for specific antibodies. The following outline 
is limited to certain antigens commonly prepared or used m diagnostic 
laboratories. . 

Bacterial cultures to be used for inoculation into animals or lor stock 
agglutinating antigens should not only be carefully studied to insure their 
purity, but their normal or dissociative state should be determined, and 
they should be so treated that the desirable antigenic components will 
not be changed or lost. Since this requires considerable investigation of 
the cultures, it can best be carried out in the larger well-equipped labora- 
tories. The need for greater attention to the dissociative state of cultures 
is well illustrated by the array of antigens afforded by old cultures of 
E. typhosa which may include the so-called smooth motile (O-H), smooth 
non-motile (O), rough motile (0-H) or rough non-motile (0) types. Each 
of these different dissociative types, nhich may appear spontaneously m 
any culture of typhoid, produces in animals antisera containing cor- 
respondingly different antibodies. Likewise it is known that variants with 
changed antigenic structure may be produced in pure cultures of many 
other species of bacteria. For a full discussion of antigenic variations see 
Arkwright,* Topley and Wilson, l and Topley . % 

1 Selection of Cultures.-The following methods may be used in selecting 
bacterial cultures of the desired types either m the so-called normal or 
variant states. 


* AaKWHiGHT. S A.- S> stem of Baelerioloey, LondonMed.Rea. Council. *oL 1. 1930. 
t Toflet. IV w C . and Wiuw.v. G- s : The Principles of Bacteriology and Iuunumtj . 

B ^ 1 Tofle W.'tf: d Outilneol Immunity . Baltimore. WdUam Wood A Co. 1933. 
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(a) Normal Smooth Type Cultures . — The methods required for the 


those of the colon-typhoid-dysentery groups. 

Inoculate nutrient agar plates, pH 7.2 to 7.4, with the culture so that 
1 I ”7° r ' ’ ' hours the colonies will be well 

a magnifying glass or, preferably, 
J , . 2 ral typical smooth type colonics, 

and from each colony make transplants to tubes of infusion broth, and to 
plates of infusion agar, pH 7.2 to 7.4. After incubation examine the cul- 
tures for homogeneous growth in broth and for typical smooth colonies 
on agar. After selecting the normal smooth type growth, make daily 
serial transfers in infusion broth and on infusion agar plates for six days, 
followed by transfers twice daily for four day s, keeping all the cultures for 
observation during this ten-day period. If the cultures show normal char- 
acteristics, prepare transfers on infusion agar and in broth, using sufficient 
material to obtain the desired quantity of bacterial growth, and incubate 
at 37° C. for eighteen hours. When using organisms of a motile species, 
added precautions should be taken to select only motile organisms in each 
of the serial transfers. 

(6) Non-motile Variant Cultures.^ Non-motile variants of normal smooth 
motile species may be obtained as in the case of Proteus 0X19, by the 
selection of single colonies, or by the use of a medium which inhibits the 
development of flagella. 

Inoculate dry infusion agar plates, pi l 7.2 to 7.4, with the culture to 
insure well separated colonics and incubate at 37° C. for eighteen hours. 
Examine the platc3 with a hand lens or dissecting microscope and select 
several smooth colonics without a fringed edge. Transfer each colony to 
infusion broth and to other dry agar plates. Incubate and examine the 
broth for non-motile organisms, and the plates to determine the type of 
colony formation. Select the culture showing a homogeneous growth in 
broth, but containing non-motile organisms, and showing on plates the 
desired smooth colony. Transfer material from the selected plate culture 
to dry agar in Kollc flasks or bottles to secure the quantity of growth 
desired. Incubate at 37° C. for eighteen hours. Old cultures arc preferred 
for the isolation of non-mottle strains, for with recently isolated motile 
species the procedure must be repeated several times. After obtaining a 
rather stable non-motile strain it should be observed frequently to defect 
any reversion to the normal motile type, and also should be agglutinated 
with "H" antiserum to insure its freedom from flagellar antigen. 

Non-motile strains may also Imi obtained from the normal motile ones 
by cultivation on agar containing phenol in the projxirtion of I to SCO. 
Substitute the phenol agar for the infusion agar aI>ove and transplant 
selected colonics from plate to plate, checking for loss of motility from 
time to time with broth cultures. Sus{>ciisinns of pure antigens can 
be prepared with motile species either by heating the organisms or by 
treating them with alcohol. .Vs a rule antigens prepared by these methods 
are p referred . 

(c) Hough J \m«n f Cultures .— Hough strains either ».f motile or nun- 
motile species may be obtained by colony x.lce.ti*>n, either from uM broth 
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cultures or from recently isolated strains that have been grown for about 
ten days on 0.5 per cent lithium chloride or 5 per cent sodium chloride 
broth. Transfer material from the stock culture to 0.5 per cent lithium 
chloride or to 5 per cent sodium chloride broth and incubate for ten days 

at 37° C. Inoculate seven! «•»*■-« plates pH 7.2 to 7.4, and 

■ ■ ■ ' dated colonies. Examine 

J ■ -- r select the roughest type 

colonies for transfer to infusion broth and to infusion agar plates. Incubate 
for eighteen hours and examine the broth for granular growth and the 
plates for rough type colonies. Select the broth cultures with the most 
granular sediment, and from the corresponding agar plate again transfer 
the roughest type colony to broth and to an agar plate. When a rough 
culture is secured, all of the colonies on agar should be rough, and the 
broth completely sedimented after twenty-four hours. It should also 
spontaneously agglutinate in 0.8 per cent saline. There should be no 
agglutination with smooth “O” antiserum. Transplant to infusion broth 
and infusion agar in Kolle flasks or bottles to secure the quantity of growth 
required and incubate for eighteen hours at 37° C. If a motile species is 
desired, select a motile rough strain in the primary broth culture and 
re-check it for motility on the final culture. 

The antigens of smooth non-raotile organisms of the enteric group have 
been referred to as “O” or “somatic” antigens, while the antigen associated 
with tlie flagella of the motile species is referred to as “H” or “flagellar” 
antigen. Thus, the normal smooth non-motile species contain only “0” 
or body antigen; while the normal smooth motile organisms contain both 
“H” and “0”. The “0” antigen may consist of one component as in 
E. iyphosa or it may consist of several antigenic components as in S. paro- 
dy sentence. The “H” antigen may be monophasic as in E. iyphosa or 
diphasic as in Salmonella schottmuelleri. . 

2 Preparation of Suspensions. — After growing the culture on infusion 
agar or in infusion broth for eighteen hours at 37° C., standard suspensions 
are prepared by methods which will preserve the desired antigenic com- 

■ * Ided 

>d or 

0 bUU *\., into 

a sterile flask, to remove gross particles of agar and large clumps of bac- 
teria. It is then diluted with 0.85 per cent saline until the density is similar 
to that of tube No. 3 of the ncpheloroetcr (McFarland) standard. Measure 
and store in flint glass bottles at 3° to 5° C. Broth cultures may be diluted 
and stored in the same manner. 

3. Preservation of Antigenic Components. -Flagellar or “H” antigens of 
motile species may be prepared by adding 0.2 per cent C.P. formalin or 
5 per cent chloroform to the suspensions of cultures either grown on agar 
or in broth. Mix and place in the refrigerator at 5° C. for four days before 
using. Somatic or “O" antigens of non-motile species may be made by 
heating at 60° C. for one hour, either broth cultures or suspensions of agar 
cultures. In preparing “0” antigens from motile species, the standard 
suspensions are heated at 90° C. for one hour and then preserved with 
0.5 per cent phenol; or the antigen may be made by “Bien’s” method. 
For the latter use the dense agar culture suspensions, before diluting. 
Measure the suspension in a cylinder and add to it, while stirring, an equal 
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volume of absolute alcohol. Cover and allow to stand at 37° C. for twelve 
to twenty-four hours. Shake the flocculent precipitate and store at room 
temperature for two hours. Add saline until the alcoholic content is reduced 
to 33 per cent. Place in sterile flint glass bottles and store in the refrigerator 
at 5° C. The suspension must be dense enough to allow for a dilution of 
1 to 1G or more, before final use, in order to reduce the concentration of 
alcohol. Immediately before use, dilute this stock suspension with saline 
to a density of tube No. 3 of the nephclometer standard (McFarland). 

These stock antigen suspensions can be used cither in agglutination 
tests or for injection into animals in the preparation of antisera, r 

III. Antisera.— In the production of diagnostic antisera, horses, goats 
and rabbits are commonly employed, depending upon the quantity desired. 
For ordinary laboratory use, healthy, adult rabbits arc commonly preferred. 

1. Inoculation and Dosage.— Two methods of inoculation-subcutaneous 
and intravenous— are usually employed, depending upon the toxicity of 
the organism used as an antigen. If a toxic organism is used, a small primary 
dose may be given subcutaneously, followed, at three-day intervals, by 
small gradually increasing intravenous doses. The following schemes have 
been found satisfactory for the production of agglutinating sera. 



Table 55 
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About fi\c days after the last injection, bleed the animal from die 
marginal ear vein, and determine the agglutinin titre of die scrum with a 
standardized stock antigen. If the titre of the antiserum is sufficiently high, 
bleed the animal to death; otherwise continue the injections of antigen. 

2. Bleeding.— The blood should he withdrawn and handled under aseptic 
conditions. Strap the animal to a board, clip the hair from the diorax anti 
paint with tincture of iodine. Etherize, ami with a large needle attached 
to a sterile 30-ec. syringe, puncture the heart and withdraw all or part of 
the blood. Plate the blood in sterile flasks, slant and allow* to coagulate 
at room temperature. Plate the flasks upright in the refrigerator overnight 
and remote the serum. Centrifugalizc the serum to remote all ml tells. 

3. Preservatives. — Pool the sera from all animals of the same lot, measure, 
and slowly add sufficient phenol until 0.3 j>er cent concentration is reached. 
Mix and store in the refrigerator. After standing for one month in the 
refrigerator, the final titration for the agglutinin content should be made. 

•J. Titration.— Set up u macroscopic tube agglutination teat, with suf- 
ficient dilutions to reach l»e\ond the end titre of the scrum, using the stock 
antigen, ami antigens of allied sj»ecic». Incubate at 13° to 33® C. for 
tight ecu hours and record the results. 'Hie highest dilution that produces 
(omplctc agglutination is recorded as the titre of the scrum. 

5. Records. — For util lot of anthcra, prepare a detailed record of the 
iharactcristin of the organism ir-cd in the preparation of the antigen, ami 
of all steps ill the production of the scrum. 
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METHODS OF EXAMINATION 
Collection of Specimens 

Specimens for bacteriological examination are collected from selecti 
locations and handled aseptically to avoid extraneous contaminatio 
Avoid collecting surface specimens following the use of strong antiseptic 
1 ■ . ■ ■ but the type depends c 

or must be shipped. Spec 
mens to be shipped must be sealed and packed to meet postal requirement 

I. Materials from the Eye.— Collect secretions from the conjunctiv 
with a cold sterile platinum loop or with a cotton swab during the acut 
stage of the disease. Sufficient material to prepare both smears and cu! 
tures should be obtained. Special material from the cornea, anterior chain 
ber, or iris should be obtained by the opthalmologist. Pus from stye 
should be collected by the attending surgeon. Immerse enucleated eye 
in boiling water or an antiseptic solution, open aseptically, and obtaii 
material for smears and culture. 

II. Materials from the Ear and Mastoid.— In infections of the externa 
auditory canal the exc 

otitis media or maston - 

the attending surgeon. . 

III. Materials from the Nose, Sinuses and Nasopharynx.— Specimens 
from the nasal passages or from the nasopharynx are secured on a tightly 


IV. Materials from the Throat and Tonsils.— Throat specimens should 
be collected on cotton swabs, by using gentle pressure over the infected 
areas in order to secure materials from the deeper tissues. Both smears 
and cultures are then prepared. In infected tonsils, materials must be 
pressed from the crypts or sucked out by the use of a pump. . latenals 
from remov ed tonsils should be carefully secured from the deeper portions 
of the crvnts. using asepsis to prevent contamination.^ 

v ■■■ ■ = ■ ; 

use i : 

Determine the Vositfon of the apex by the radiograph and sterilize the 
mucosa with the following solution: 1 part tincture iodine, U S.P 1.5 parts 
acetone, and 0 5 parts of glycerol. Isolate the area with sterile cotton rolls. 
Under anesthesia reflect the mucoperiosteum with a sterde trephine, 
burr or chisel, remove the outer bone covering the apex. With a sterde 
curet, collect the periapical tissue for examination. If the tooth is to be 
extracted, cleanse the mouth, and remove deposits from the tooth. Ury 
the crowns of involved tooth and those adjacent to it. Sterilize the crowns 
and gingival tissue with the iodine-acetone-glycerol solution. Isolate the 

' Extract 

, ■ _ . > . . die speci- 

>tt!e; seal 
specimen 

Tn sterile gauze and moisten with” sterile normal saline. In peridontal 
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infections, prepare the site of infection as above, then collect material 
from the depth of the pocket with a sterile capillary pipet, or by expressing 
a bead of pus from the pocket by pressure over the pocket, and collect on 
swab. Place this specimen in a sterile test tube, seal and label. 

VI. Sputum.— For routine examination, collect in a waxed paper box 
soon after the patient awakes in the morning. If required for special 
examination, cleanse the teeth and gums thoroughly, wash the mouth 
with an antiseptic and rinse with boiled water. The patient is then 
instructed to cough and to expectorate directly into an acid-cleansed sterile 
container. Paper boxes or like containers are objectionable but are pre- 
ferred to improperly cleansed glass containers that are not acid-washed. 

VII. Blood.— Blood for bacteriological examination must be collected 
under aseptic conditions, by an experienced technician or preferably by a 
physician. The specimens are usually collected from the median basilic or 
median cephalic veins. Paint the skin over the area with tincture of iodine 
and allow to dry. Place a tourniquet around the upper arm, compress it 
gently and then fasten it. Instruct the patient to open and close the hand 
Select a prominent vein, or if the veins are invisible locate one by palpa- 
tion. Wash the skin with alcohol. Insert a sharp needle, attached to a 
dry sterile syringe, into the vein, following the direction of the flow of the 
blood. Withdraw 8 to 10 cc. of blood into the syringe, loosen the tourniquet, 
and remove the needle. Place an alcohol sponge over the puncture wound 
and have the patient or assistant compress it. Place 2 to 3 cc. of the 
blood into each of two flasks containing 100 cc. of selective media, and 
place the remainder in a large sterile test tube containing 1 cc. of a 0.2 per 
cent sterile solution of sodium citrate in physiological salt solution Meas- 
ured amounts of the citrated blood can be placed in plates and mixed with 
melted agar or other media as desired. For shipment, blood is collected 
as above and placed in bottles of sterile glucose broth, or, if typhoid is 
suspected, into bottles of sterile bile. Such culture bottles are labeled, 
packed and shipped in double containers. 

VIII. Blood Serum.— Blood to be used for the collection of serum for 
agglutination, complement-fixation or precipitation tests may be obtained 
with a large sterile needle and a sterile tube. Allow from 5 to 10 cc. of 
blood to flow' directly from the needle into the tube. Stand the blood 
specimen in an upright position, protected from dust and sunlight, until 
coagulation is complete. Loosen the clot from the side of the tube with a 
sterile wire or glass rod, and centrifugalize until the serum is free from red 
blood cells. With a sterile pipet, transfer the clear serum to sterile vials. 
Cork securely, label, pack and ship at once. Contaminated specimens 
deteriorate rapidly in warm weather and become unsuitable for satis- 
factory examination. For the determination of a virus 10 to 15 cc. of sterile 
serum or whole blood are required. Vacuum bottles are used for blood. 

IX. Cerebrospinal Fluid.— Immediately after collection, a white cell 
count should be made. Centrifugalize and prepare films from the sediment. 
Inoculate suitable quantities on selective media. For determination of 
viruses, fresh fluid should be used in the inoculation of selective animals. 


after which cultures are prepared according to the findings in the smears. 
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XI. Bile.— Bile collected by the surgeon at operation is placed in sterile 
tubes, from which cultures may be prepared. Specimens obtained by non- 
surgical drainage by using the Lyon technic must be free from free HCl. 
Cultures are prepared on selective media. 

XII. Feces.— Specimens should be passed by the patient directly into 

a sterile container, such as a bedpan, basin, fruit jar, or Petri plate. A 
portion is then transferred with a sterile spatula to a sterile, wide-mouthed 
bottle or vial. Vials and metal spoons (item No. 44710 and 44000) are 
furnished 1 . . 1 . . Specimens for shipment are pre- 
served by . • . (glycerol 30 cc., NaCI 0.42 gm., 

sterile wat< " , . v. collected directly from the indi- 

vidual: after cleansing the anal region with green soap and boiled water, 
introduce a sterile swab moistened with sterile water into the anal orifice- 
In lesions of ulcerative colitis, specimens must be obtained by the proc- 
tologist. 

XIII. Urine. —Catheterized specimens, using asepsis, should be pro- 
vided. Specimens from infants must be collected directly from the cleansed 
urinary meatus. Fcrr carrier examinations the urinary meatus is cleansed 
and the specimen is passed directly into a sterile container. Centrifugalized 
sediment is used for smears, cultures, and animal inoculations. 

XIV. Materials from the Urethra and Prostate.— Urethral pus is col- 
lected on a sterile cotton swab or platinum loop and films prepared. Cul- 
tures are prepared on selective media without delay. Prostatic secretions 
should be collected by the genito-urinary surgeon. If cultures are desired, 
these should be obtained in sterile Petri plates. 

XV. Materials from the Vagina.— Pus from the urethra, cervix, Bar- 
tholin glands, or from the vagina should be collected on a sterile cotton 
swab. Specimens from children may be collected^ either by means of a 
slender swab inserted into the vagina or by irrigation with normal saline 
solution. The washings are centrifugalized and the sediment is used for 
examination. Smears are made and cultures prepared on selective media. 

XVI. Materials from 'Wounds.-Specimens should be collected by the 

attending surgeon. Pus or fluid is collected on sterile swabs or with a 
platinum loop. If cultures are desired for anaerobic organisms, the request 
should so specify. Smears are made and cultures prepared on selective 
media. . . 

XVII. Autopsy Materials.— To be of diagnostic importance, cultures 
should be obtained within one or two hours after death. Aseptic precau- 
tions should be used in obtaining any materials for examination. 

XVin. Disinfection of Discarded Specimens.— Ml specimens should be 
kept in the laboratory until growth has been obtained on culture or exam- 
ination has been completed. Specimens should be autoclaved or placed in 
5 per cent solution of cresol before being discarded. 

MICROSCOPIC DEMONSTRATION OF BACTERIA 

The bacteria in pathological specimens or from cultures may be demon- 
strated microscopically cither in the living state or after fixation and 
staining. For the former the procedures commonly used include: (a) the 
hanging-drop method, and ( b ) the cover slip method, using either ordinary 
lighting or darhfield illumination. 


MICROSCOPIC DEMONSTRATION OF BACTERIA 


413 


I. Hanging-drop Preparation.— With a small applicator, ring the con- 
cavity of a hollow ground slide with vaseline. Place a small loopful of the 
bacterial suspension on the center of a clean cover glass and spread the 
drop slightly. Invert the slide and place its concavity over the cover glass 
so that the drop of fluid lies in the center. Reverse the position of the slide 
with its attached cover slip. Press the cover slip firmly in place to prevent 
evaporation. Place the slide on the microscope stage and with the low- 
power lens focus on the edge of the drop. Without changing the focus 
switch to the high-dry objective, locate the film and focus on the bacteria. 
The oil-immersion objective is used for still higher magnification. The 
growth of bacteria may be studied microscopically in such preparations 
by placing sterile fluid or solid culture media in the cell beneath the cover 
slip, and inoculating the media with microorganisms. 

II. Cover Slip Preparation.— Place a small loopful of the bacterial 
suspension to be examined on a clean slide, and over it place a cover slip. 
Gently press the latter until it no longer floats; after movement has stopped 
examine microscopically. 

III. Darkfleld Method.— By the use of a special darkficld condenser 
which gives oblique illumination, objects which otherwise are micro- 


known as a “funnel stop.” Daylight is not sufficient for the apparatus, 
and therefore a special source of artificial light must he used. Illumination 
may be provided by a G volt 15 C.P. electric lamp which can be attached 
beneath the condenser, or by various other types of illuminators. Direct 
sunlight affords a satisfactory source of illumination. 

1. Adjustment of Apparatus.— Remove the ordinary condenser and insert 
the darkficld condenser with its two lateral adjustment screws forward. 
Adjust the source of light until a bright ring or spot appears on the upper 
surface of the condenser. With the low dry objective, locate the top of 
the condenser, and the concentric ring. Manipulate the lateral adjustment 
screws until the ring appears directly in the center of the field. Ilcmo\ e 
the oil-immersion objective, unscrew the lens and insert the funnel stop 
with its small end toward the lens. Replace the objective in its original 
position. 

2. Examination. — Secure clean slides 1.45 to 1.55 nun. in thickness, and 
clean flexible cover slips. Place si small drop of the fluid to be examined 
on the center of the slide and over this gently press .i cu\cr slip, avoiding 
bubbles. Ring the coicr slip with vaseline. Ixnicr the substage and place 
a drop of thin cedar oil, free of bubbles, on the upj>cr surface of the con- 
denser. Put the slide preparation on the mechanical stage and center the 

d by contact with the 
Place a drop of cedar 

isms, which should a\ : . ■ ' ■ » “ . 1 ■ : 

IV. Vital Staining.- ... 

be brought out more clearly for microscopic study by incorporating with 
the bacterial sii'ix'nsiou, certain staining solutions. 1 or example, aqueous 
mcthjlcnc blue may W added to the suspension to bring out the granules 
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or capsules in hanging-drop or cover slip preparations. Other vital stains, 
including neutral red, may be used. 

V. Fixed and Stained Films.— Bacteria are commonly fixed on glass 
slides and stained before microscopic examination. A small loopful of the 
fluid specimen or of a saline suspension of the bacterial growth is spread 
thinly on the surface of a clean glass slide or cover slip. In preparing films 
from cultures of certain waxy organisms such as Mycobacterium tuberculosis, 
it is necessary to first paint the slide with an albumin fixative, so that the 
organisms will adhere to the glass. 

Allow the film to dry and then fix it on the glass slide by passing the 
latter rapidly through the flame of a Bunsen burner several times. The 
fixed film may then be stained by one of the simple or differential methods 
already described, and examined with the microscope. 

CULTIVATION OP BACTERIA 

I. Selection of Media.— Examples of the selection of media used for 


' . ■ o ■ * 1 ■ broths. 

Diplococcus pneumonia: Blood agar, enriched broths. 

Neisseria intracellularis: Chocolate agar,* blood agar, serum agar, 
enriched broths. 

Neisseria gonorrhex: Chocolate agar,* blood agar, serum agar. 

Hemophilus influenzx: Chocolate agar. 

Coryncbacterium diphtheria: Loeffler’s medium, blood agar, tellurite 
medium. 

Brucella mclitensis: Chocolate blood agar, liver infusion agar. 

Brucella abortus: Chocolate blood agar, liver infusion agar. 

Pasteurella pestis: Serum agar, infusion agar, 

Pasteurella tularensis: C> stine blood agar. 

Mycobacterium tuberculosis : Petroff’s medium. 

Bacillus anthracis: Extract agar. 

Clostridia: Robertson’s medium, glucose agar, bromcresol purple 
milk. 

Eberthella, Salmonella , Shigella and Escherichia: Bismuth sulfite, S.S. 
medium, desoxycholate, eosin-methylene blue agar or others. 

Vibrio comma: Peptone solution. 

Yeasts and fungi: Sabouraud’s medium (see fungi). 

II. Inoculation of Culture Media.-Pure cultures of organisms may be 
isolated by one of the following methods using solid media: 

I. Petri Plate Method.— The plates should be marked plainly with a 
wax pencil, giving the date and the name or number of the specimen. 

(a) Surface Inoculation- The inoculum may be spread over the surface 
of the solidified medium in one of the following ways: Place one or more 
loopfuls of the specimen under examination, depending upon number of 
organisms present, on the surface of the medium near the edge of the 
plate. With a sterile glass spreading rod or a platinum loop, spread the 
material uniformly over the surface, being careful to avoid breaking the 
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medium. When using a loop for spreading, it is best to streak a small 
quantity of the material in parallel lines across the surface. The loop is 
flamed and the surface is again streaked at a right angle to the original 
line. This is repeated until the material is evenly distributed. In using 
swabs, they are streaked across one side of the plate, after which the 
spreading is completed with a loop as described above. 

(6) Pour Plates .— With a sterile platinum loop or pipet, inoculate a 
small portion of the specimen into a tube of melted medium which has 
been cooled sufficiently to avoid killing the bacteria. Gelatin may be 
1 35° to 40° C., and agar may be 
■ 40° or 42° C. After inoculation, 

0 . g careful to avoid the formation 

of bubbles. Transfer a loopful of this material to a second tube of melted 
medium, and continue the serial dilutions through several tubes if neces- 
sary to obtain isolated colonies. Pour the contents of each tube into a 
sterile Petri plate using care to avoid contamination. Spread the medium 
uniformly over the bottom of the plate and place on a level surface until 
it becomes solid. Invert the plates and place in the incubator. If it is 
desirable to estimate the numbers of viable bacteria present, inoculate 
the melted medium with measured amounts of the specimen accurately 
diluted in sterile water, broth or salt solution, as outlined under the bac- 
teriological examination of water. 

After incubation remove the plates and examine the colonies with a 
hand lens or preferably with a dissecting microscope. Select well-isolated 
colonies and with a platinum wire transfer to other media. 

2. Tube Method.— Melted agar, in deep tubes, may be inoculated as 
indicated under the pour-plate method, and allowed to remain in the 
tubes. As this provides conditions of partial anaerobiasis at the bottom 
of the tubes, the method is often useful for the isolation of facultative 
anaerobes. If the specimen contains bacteria in the spore stage, these 
may be isolated more readily by heating the material at SO 0 C. for thirty 
minutes to destroy the vegetative forms. After incubation of the inoculated 
tubes, flame the plug, heat the tube in a small flame enough to soften the 
surface of the agar and then heat the bottom of the tube until the cylinder 
of agar is expelled into a sterile Petri plate. With a sterile spatula cut the 
agar into sections in order to select isolated colonies for study and transfer. 
If desired the cylinder of agar may be removed without heat by washing 
the tube in alcohol and then filing and breaking it into a sterile Petri plate. 

Various other methods of obtaining pure cultures of bacteria include 
the use of selective bactericidal substances, agglutinating serum, selective 
media, the inoculation of susceptible animals and the single-cell culture 
methods. 

III. Incubation.— The cultures are grown at constant temperatures in 
incubators, which are usually double-walled, water-jacketed, supplied with 
automatic thermo-regulators and heated either with gas or electricity. A 
vessel containing water should be kept in the incubator to provide moisture 
and prevent drying of the cultures. 

1. Temperature.— As most of the pathogenic bacteria grow well at a 
temperature of 37° C., the incubator is usually adjusted at this point. 
The length of incubation required for different species varies from a few 
hours to several weeks. Many saprophytic bacteria and fungi grow best 
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at low temperatures anti may be incubated at from 20* to 30° C. Cultures 
in gelatin may be incubated at temperatures below the melting-point of 
the medium (about 20° C.), either in a “cold” incubator or at room tem- 


perature. Or, if the organisms arc fastidious in their temperature require- 
ments, gelatin cultures may be incubated at 37° C. and later chilled to 


determine whether the medium will again solidify. 


IV. Atmospheric Conditions.— Most pathogenic organisms, being 
aerobes, will grow readily when incubated under ordinary atmospheric 


aerobes, will grow readily when incubated under ordinary atmospheric 
conditions. Others, including the microacrophilcs and the anaerobes, 
require the use of special methods, some of which will be considered below. 
Ihc anaerobic bacteria differ greatly in their atmospheric requirements. 
Some arc able to develop under conditions of reduced atmospheric oxygen 
while others, the obligate or strict anaerobes, will not grow in the presence 
of even small amounts of free oxygen. Of the many methods available 
the following have been found to be useful. 

1. Oxygen Expulsion. —Certain facultative anaerobes grow well in the 
lower levels of long tubes of solid or Uuid media containing a carbohydrate 
or a small piece of fresh sterile animal tissue, provided the medium has 
been boiled previously to drive oil the absorbed oxygen, and has been 
rapidly cooled .and cov ered with a protecting layer of sterile petrolatum. 
Such media, which should be inoculated with a Jong platinum wire or 
capillary' pipet are obviously more suitable for the maintenance of pure 
cultures than for the isolation of individual bacteria from contaminated 
mixtures. For the latter purpose, plates are preferred. 

2. Oxygen Exhaustion.— Af ter placing the inoculated culture media in 

an air-tight Novy jar or desiccator, the air in the container may be ex- 
hausted by means of a vacuum pump. This method is not recommended 
as it is almost impossible to maintain satisfactory .anaerobic conditions 
with it. The changed surface tension may r interfere with growth; also the 
medium dries very’ rapidly. , . , 

3. Oxygen Displacement. -Place the culture in a >ovy jar and replace 

the atmospheric oxygen by’ hydrogen or some other non-in jurio us gas. 
Connect the hydrogen supply to the intake of the jar and allow the gas 
to flow for about ten minutes, after which the stopcocks are closed and 
the jar placed in the incubator. Precautions should be taken to avoid 
explosion while using this method. . , , 

4. Oxygen Absorption. -One of the simplest of these procedures is based 
’ on the fact that pvrogallic acid, when placed in an alkaline solution, wall 

absorb large amounts of oxygen. The culture tubes or plates may be 
placed inside a desiccator or jar in the bottom of which has been placed 
1 gm. of pyrogallic acid for each 100 cc. of air space. Rapidly add' to the 
pyrogallic acid a 10 per cent aqueous solution of >aOH or 
for each gm. of pyrogallic acid) and quickly seal the jar. Many methods 
have been devised for using this procedure, including the Buchner method 
in which a small culture tube is sealed inside a larger tube containing the 
reagents; and Wright’s method in which the chemicals are placed m the 
same tube with the culture, from which they are separated by a tight 


cotton stopper. . , „ ... 

5. "Brown Jar" Method.*— A modified Brown Jar method is recom- 
mended as most satisfactory for work with anaerobic bacteria. Apparatus 


* Bnowy, J. H.: Jour. Exp. Med-, 33, 677, 1921- 
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of this type may be obtained from laboratory supply houses. Similar 
apparatuses, such as the Fildes-Mclntosh jar or Brewer’s modification, 
may be also used. 

(a) Precautions .— In using these methods, there arc several precautions 
which should be emphasized with a view to preventing possible explosions. 
First of all, each time before using the jar, make sure that the wires coming 
away from the spool are intact. Next, always be sure to displace, mechani- 
cally, most of the air in the jar by allowing the hydrogen to flow slowly 
through it before the lid is clamped down. Do not allow the spool to reach 
a red heat, as may happen with a new spool when hydrogen is run in 
rapidly. Cut down the flow of hydrogen, if necessary, turning the stop- 
cock entirely off for a few minutes to allow the spool to cool, Make sure 
there arc no loose electric connections, and use the current only when 
necessary. It is frequently necessary to use current only toward the end 
of the process. Do not clamp the lid on until the jar has been operating a 
while. If most of the atmosphere has been replaced mechanically, as 
described, and the lid is not elamped down immediately, any overlooked 
defect in the spool and its wires which might result in a spark before the 
last of the oxygen is exhausted, will cause only a very minor explosion. 
When handling the jar while it is in operation, take the precaution to cut 
off the current. 

G. Methods for Increasing C0 2 Tension.— Certain organisms, including 
Brucella abortus and Neisseria intracellularis, grow best, especially on 
primary isolation, in an atmosphere containing about 10 per cent carbon 
dioxide. Such conditions may be obtained by one of the following methods: 

Wadsworth’s* method is described as follows: To produce an atmosphere 
containing approximately 10 per cent of C0 2 , use a museum jar approxi- 
mately 5 inches in diameter and 8 inches in height (inside measurements), 
which can be tightly sealed. Put the plates or tubes in the jar, then place 
O.G gm. of NajCOj in the bottom of the jar. Pour over it a mixture of 
1 cc. of H 2 SO 4 and 10 cc. of water. When the reaction begins to subside, 
place an air-tight cover on the jar. (These amounts are calculated for a 
jar of approximately 2 ^ liters.) 

Candle Jar .—' This method has been used for a number of years and has 
given very satisfactory results. It is recommended because of its simplicity 
and availability. Any jar with a tightly fitting cover that will permit 
entrance of Petri dishes may be used. Museum jars or similar ones can be 
sealed with plastieene or vaseline. Screw-capped gallon jars can be sealed 
with vaseline. The jars are prepared by placing a moistened piece of cotton 
or gauze over the bottom. The half of a Petri dish is inverted over the 
moistened cotton or gauze. Cultures on dishes are inverted and placed 
in jar. A candle, 2 ' 
in the jar and then 
allowed to extinguis 
jar is then placed in the incubator. 

SEROLOGICAL TECHNIC 

Serological reactions including agglutination, precipitation, complement- 
fixation, and other antigen-antibody tests may be used either for the 

* Wadsworth, A. B : Standard Methods, Div. Lab . New York State Dept Health. 
Baltimore, Williama & WiUnne Company. 1927. 
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identification of bacterial species or for the detection of specific antibodies 
in sera from infected individuals. 

I. Agglutination Tests. — For the agglutination reaction, which is one 
of the most useful of the routine diagnostic laboratory tests, three things 
are required: (a) Scrum containing specific agglutinins, (6) antigen con- 
sisting of suspensions of either living or dead bacteria and (c) an electro- 
lytic solution such as 0-85 per cent sodium chloride. When such materials 
are mixed in the proper proportions and incubated, the organisms in the 
bacterial suspension become clumped, a condition which may be recognized 
either by microscopic or macroscopic examinations. To be of diagnostic 
signific ■ • ■ «... ' tions of 

scrum ' . ■ * • . ‘ 

A« G‘. ■ v jicd by 

mixing small amounts of diluted serum with saline or broth suspensions 
of bacteria on glass slides or cover glasses, and observing the reactions 
either with the microscope or, if the suspensions arc sufficiently opaque, 
with the unaided eye. Such examples arc the Widal reactions and the 
Huddlcson technic for Brucella. 

1. The Detection of Agglutinins in Serum.— Macroscopic Slide Test 
(Iluddleson). —An example of a macroscopic “slide test" is afforded by 
the Huddlcson test which is used for the detection of Brucella agglutinins 
in sera of bovine or human origin. The materials required include: An 
illumination box on which can be fitted a piece of window-glass of double 
thickness, ruled in 5 lines of 1 inch squares; pipets of 0.2 cc. capacity 
graduated to 0.01 cc.; clean toothpicks; the bacterial antigen and the 
specimens of scrum to be examined. 

The bacterial antigen is prepared as follows: Grow a readily 3 ggfu finable 
strain of Br. abortus on liver infusion agar for seventy-two hours at 37 C 
and remove the growth in the smallest possible amount of 1- per cent 
NaCl solution containing 0 5 per cent phenol. After filtering through 
cotton add to each 100 cc. of the bacterial suspension 0.01 cc. of saturated 
aqueous gentian violet solution. Boil this slowly for ten minutes, refiner 
through cotton, cool and adjust the reaction to pH G.8. ^ 

Standardize the antigen with known positive and negative sera as fol- 
lows: Place 5 small numbered tubes in a rack, and add to each 0.5 cc. of 
antigen followed in scries by 0.1, 0.2, 0.3, 0.4 and 0.5 cc. amounts respec- 
tively, of 12 per cent NaCl solution. Mix and test each of the 5 antigen 
dilutions with 3 sera, one havingan agglutinin titre of 1 to 500 or 1 to 1000, 
another with a titre of 1 to 25 and the third a negative control. Use 1 drop 
of antigen to 0 OS, 0 04, 0.02, 0.01 and 0.004 cc. amounts of each serum. 
The antigen dilution which fails to clump in the negative serum but is 
completely agglutinated by 0.0S cc. of the I to 25 serum and by 0.004 cc. 
of the 1 to 500 serum, is selected for use in the test. 

The test is performed as follows: Prepare the specimens of serum by 
removing all cells. With a dean 0.2 cc. pipet place 0.08, 0.04, 0 02, 0.01 
and 0.004 cc. amounts of each specimen respectively on 5 squares of the . 
ruled glass plate. Add to each of these amounts of serum, 1 drop of the 
bacterial antigen, and mix with a clean, wooden toothpick. The dilutions 
are now 1 to 25, 1 to 50, 1 to 100, 1 to 200, and 1 to 500. Tilt the glass 
slowly back and forth for two minutes, adjust over the lighted reading- 
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box and examine with the unaided eye or with a hand lens for evidence of 
agglutination. 

2. The Identification of Specific Bacteria.— Glass slide agglutination tests 
may also be used for the rapid presumptive identification of bacteria 
isolated from patients. They are commonly used to save time during the 
examination of large numbers of cultures as for example, in surveys for 
the detection of carriers of meningococci or cholera vibrios. However, 
such “spotting” tests are of presumptive value only and should always be 
followed by more accurate methods of identification. 

B. Macroscopic Test Tube Methods.— The macroscopic tube methods 
are generally preferred for agglutination tests as they make possible the 
use of larger quantities of the reagents thus decreasing the chance of error. 
In some laboratories the reagents are measured by the drop method, but 
the use of accurately calibrated pipets is recommended. 

1. Reagents,— As already indicated the necessary reagents include a 
uniform carefully standardized saline suspension of bacteria and measured 
amounts of the serum, so diluted as to cover the significant or diagnostic 
agglutination range. In examining a patient’s serum for specific agglutinins 
the bacterial antigen must be prepared from stock cultures known to give 
satisfactory results with known positive scrum. When the test is used for 
the identification of bacterial cultures, select specific agglutinating serum 
of which the agglutinin content and titre have been previously determined. 

2. Technic.— Various methods may be used for performing such tests, 
but the following procedure is simple and has been found to be generally 
satisfactory. Place a series of 10 or more small test tubes in a metal rack. 
Place in the first tube 0.9 cc. of 0.85 per cent NaCl solution and in each 
of the remaining tubes 0.5 cc. To the first tube add 0.1 cc. of the scrum, 
either undiluted or diluted as desired according to the titre. Mix the con- 
tents of tube No. 1 and from it transfer 0.5 cc. to tube No. 2. Mix the 
latter and similarly transfer 0.5 cc. to the next tube and so on throughout 
the scries until the next to the last tube is reached. After mixing the con- 
tents of the latter tube discard 0.5 cc. Use the last tube, which contains 
only saline, as a control. The scrum dilutions should extend beyond the 
titre of the serum. Add to each tube 0.5-cc. amounts of the bacterial sus- 
pensions which should be so opaque that the reactions can be easily seen. 
The final dilutions of serum arc now 1 to 20, 1 to 40, 1 to SO, 1 to 160, 

1 to 320, 1 to 640, 1 to 1280, 1 to 2560, 1 to 5120, and 1 to 10,240 respec- 
tively. Shake the tubes and incubate in a water bath at 37° C. or at 55° C., 
depending on the bacterial species used. The water lc\ el should be slightly 
lower than the surface of the fluid in the tubes. The results may be recorded 
after two hours, but the final readings should be made after standing 
eighteen to twenty-four hours in the water bath or refrigerator. The saline 
control tube should show no clumping. Wien the organisms arc completely 
clumped and sedimented the reaction is considered as “double plus” 
(++)» "hen only half the organisms are agglutinated the reaction is 
recorded as “single plus” (+), and when fewer organisms are clumped 
the result is reported as “plus-minus” (*). Report the result obtained with 


to whether the agglutination is of the floccular or granular tjpc. 
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II. Agglutinin Absorption Tests.- At times when the results obtained 
by direct agglutination tests arc indefinite, due to cross-agglutination, it 
may be possible to identify cither the unknown organism or the specific 
antibodies in the patient’s scrum by agglutinin absorption tests. 

1* Identification oi Bacteria.— To identify an organism “C” which has 
been shown to be antigcnicaliy related to known species A and B, the 
following procedure may be used. 

(a) Make cultures of A, B and C on suitable solid media in Kolle flasks 
and prepare dense saline suspensions of each. 

(4) Prepare 1 to 10 dilutions of known antisera specific for the organ- 
isms A and B. 

(c) Place 10-cc. amounts of each diluted scrum in each of 3 tubes, and 
add to these the dense suspensions of organisms A, B and C respectively. 
Mix well and incubate in a water bath at 45® C. for four hours, shaking 
occasionally; then place in the refrigerator overnight. Centrifugalize at 
high speed until the supernatant fluid is clear. 

(it) From each of the tubes remove the supernatant fluid, which is 
composed of the absorbed sera, in dilutions of 1 to 20. Prepare further 
dilutions as in the macroscopic tube agglutination test and use these for 
agglutination tests with suspensions of organisms A, B and C respectively. 

If the unknown organism C completely absorbs all the agglutinins in 
scrum A, it is considered to Imj similar to organism A; if on the other hand 
it absorbs all agglutinins from scrum B, this show* it .is being similar to 
organism B. 

2. Identification of Antibodies in Patient's Serna.— To identify the 
specific antibodies in n patient’s scrum which agglutinates two or more 
species of bacteria, dilute the scrum and carry out agglutinin absorption 
tests as indicated above using suspensions of the various specicJ Indicated 



organism may contain substances which will precipitate with baetcria-free 
filtrates of cultures of the homologous organism. Precipitin tests may be 
used for the identification of a variety of bacterial species and of a great 
range of protein substances including the blood and tissues of various 
animals and plants. An example of its application to the former purpose 
is afforded by tests for determining the types of pneumococci. The soluble 
products of the organisms, either in the sputum or urine of pneumonia 
patients, in the peritoneal exudate of infected mice or m the filtrates of 
old cultures or their saline extracts, give specific precipitates with anti- 
pneumococcic serum of appropriate type. The clear serum and antigen 
are placed in a small crystal-clear tube, taking care to layer one fluid above 
the other. Incubate the tubes at 37® C. for two to four hours and examine. 
k positive reaction is indicated by a v;h\te precipitate at the zone of con- 
tact. If the fluids are mixed, the precipitate will be distributed throughout 
and will gradually settle to the bottom of the tube. 

Precipitin tests are used less frequently than agglutination tests in 
routine bacteriological diagnostic work. # . . 

IV. Complement-fixation Teste.— 1 The technic of complement-fixation 
tests is given in Part I. Chapter XII, and in Part Chapter XLIII, 
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1. Detection of Antibacterial Activity in Body Fluids— Seeded Blood 
Plate Method.* — I. Materials.— Pour ordinary blood agar plates and inocu- 
late them with a tu enty-four-hour broth culture of beta hemolytic strepto- 
cocci. After the medium lias become firm, punch out circular areas 5 mm. 
in diameter with a sterile cork borer. Store the plates in the refrigerator 
until needed for testing. 

2. Procedure.— Pipet 0.05 cc. of the blood or other body fluid to be 
tested directly into one of the punched out areas, then incubate the plate 
at 37.5° C. for twenty-four hours. 

A simple method of collecting blood for tin’s test is to place a small drop 
of oxalate solution on the clean nail bed and then prick the skin through 
the drop of oxalate. 

3. Result.— If penicillin is present there will be a zone of inhibition of 
growth surrounding the area. The extent of this zone is a rough measure 
of concentration of penicillin in the sample tested. 

II. Determination of Penicillin in Body Fluids and Exudates.f— 1. 
Materials and Reagents.— (o) Standard Penicillin Solution.— Dilute a solu- 
tion of penicillin with 0.85 per cent sodium chloride to a final concentration 
of 20 units per cc. Keep in the refrigerator. 

(6) Plain Broth. 

(c) Specimens. —Withdraw samples of venous blood and allow it to 
clot in a sterile tube. Separate the scrum and store it at 5° C. until the 
time of testing. Keep other specimens at the same temperature. If speci- 
mens are known to be contaminated sterilize by filtration through a Seitz 
filter. 

2. Procedure.— Make serial dilutions of 0.2 cc. of scrum or other sample 
with 0.2 cc. of plain broth. Set up a scries of 3 to II dilutions in sterile 
serological tubes. 

Set up a similar series of dilutions of the standard penicillin solution. 

Add to each tube in both series 0.5 cc. of plain broth containing 1 per 
cent of red blood cells and from 1000 to 10,000 Group A hemolytic strepto- 
cocci. Incubate for eighteen to twenty-four hours and then examine for 
grow til. 

3. Results.— In general, those cultures showing no hemolysis arc sterile 
but this should be checked by streaking several dilutions on either side of 
the apparent emljxmit on blood agar plates. 

The concentration of penicillin in 0.2 cc. of the unknown is determined 
by comparison with the standard control. 
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MEDICAL BACTERIOLOGY 
By Leland W. Parr 

The material presented in this section is intended as a guide to the 
classification, isolation and identification of bacterial species of medical 
importance. These include pathogenic organisms known to be responsible 
for human infections, organisms of doubtful pathogenicity, non-pathogenie 
organisms commonly encountered as contaminants of pathologic specimens 
and certain organisms of significance in routine laboratory examinations 
of eating utensils, disinfectants, food, milk and other dairy products, shell 
fish, water and sewage. 


CHAPTER XXV 


CLASSIFICATION OF BACTERIA 


The classification of bacteria followed in this book is that given in 
Bergey’s Manual of Determinative Bacteriology, 5th edition, Williams and 
Wilkins Company, Baltimore, 1939. 

I. Nomenclature.— When bacteria are assigned a scientific name con- 
sisting of genus and species the nomenclature used in Bergey’s Manual 
should be given preference and printed in italics, the name of the genus 
beginning with a capital letter and that of the species with a lower case 
character; e. g., Mycobacterium tuberculosis. Synonyms are permissible and 


in italics; e. g., the tubercle bacillus. The names of bacteria should be 
binary combinations consisting of the name of the genus followed by a 
single specific epithet; e. g., Escherichia coli, not Escherichia coli communis. 
Many trinomials are present in the literature and to be rendered usable 
the epithets are hyphenated; e. g., Escherichia coli-communis. A proposed 
new name should always be a binomial. No accepted list of abbreviations 
for genera exists. The initial alone may be used in papers or sections thereof 
in which the genus has been fully spelled out and where there is no pos- 
sibility of confusing two genera beginning with the same letter. Thus out 
of context E. coli might be read as Endameba coli, as has actually hap- 
pened, when it was supposed to mean Escherichia coli. In such a case 
confusion is avoided by writing as much of the genus name as is necessap- 
to insure clarity of understanding; e. g-, Esch. coli, Myco. tuberculosis, 
Br. abortus. . . 

II. Classification.— The Bergey Manual accepts as valid the descriptions 
of 1577 species of bacteria. These bacteria are distributed in 7 orders, 27 
families, and 122 genera. Three only of the 7 orders contain bacteria of 
medical importance and among their 15 families 3, viz., Nitrobacteri 
Acetobacteriaceje , and Azotob icteri'CEj: are omitted because of lack 
of medical significance. Again not eveiy genus among the 4D in the 1- 
remaining families is of medical significance. Helpful to a proper under- 
( 422 ) 
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standing of the relationship of bacteria to medicine is the further fact that 
■ ■ ■ . contains species 

• - is the necessity 

' ■ ■ ' thogcnic micro* 

■ _ " Representative 

species of the genera of importance in medical and sanitary bacteriology’ 
are listed in the following table which indicates the tribe, family and 
order of each. 


Microorganisms of Special Importance ior Medical and Sanitary Hacttrioloct, 
Classification or Bergei’s Manual, 1939 


II llkiiobucea' 

UI r»eudomonadacnn 
VI Micrococcacrw 

\ II. NtiiKiuna 
VIII. I’arvobactrnaceiB 


IX. I.aclobaetenuc< is 
X Entcroliactcriacr® 


CLASS' SCIIIZOMYCETES 
e Genua 

Order: EubaclcrmUt 
Chromobac ten u r 
Alcnhgenra 


M llactcnacea 

VII llacillacwa 


I M)nUtt«ucc* 
II, A<Unoui)MUf« 




Gafkj 


Noguchi* 

Dial iat*r 
Diplococrui 

btrcptocorcua 

laclobkcillua 

Kuchcrictua 

Alrobactcr 

Klelmirlla 

Scrratia 

i’roleu* 

Salmonella 

Kherthtlla 

Shigella 

Lutrrrlla 

AcLnoharillua 

I ueobacurium 

llacillua 

CloaUidium 


Cl uuai (II. I 

Order; Actinomycrltd'i 

Corj nchaclrnuin C i]i{ lillirna I 
'I tube»«-Uu»u 

lepfolnthik L Luccalia 

br>ai{Aluthru 1^- lhua»og.aih 


IlcptrariitaUve apeciea 

C uoUreum (U ticlaccua) 

A fffcali* (I) alcaligenca) 

V comma (Cholera xibno) 

I’a acrugmoea (U pjocjaricua) 

M. luteua 
S aurcua 

<1 tetragrna (M. tetragenua) 

S lulea 

X gonorrh<r« (Gonococcua) 

N. mlracrllulana (MemngococcuiG 
1* pcalia <11 pcatia) 

I’ lulatrnaia (11 tularrpaia) 

M. mallei (Glandera bacillus) 

I* melilenaia ('! inchlcroia) 

11. influcm* (11 inSutnu) 

11 pertunia 

N granule*!* (U grariuloau) 

I) pneumoainlea (11. pneumoaintc*) 
l>. pneumonia ( 1‘ncumococcua) 

SL Pjogenra (Streptococcus) 

1- aciduphilua (U aciJophilu.) 

K coli (11 colil 
A atrugrncadl al'rogcne*) 

K pnrumonuB (1 ricdlaoder’a hacillua) 
S marcn-ccna (11. prodigiuaua) 

1* vulgaria(l» r rotrua) 

S acliottraiiellcn (II parat} j Imaua It) 

K. t)ph<«a (II tj phoaua) 

S il>Knlcriia (U diarntctu*. Nlugal 
S patail) acntcti* (11. <l>*cntrtuv 

L. monoologenea tn moftnc} tugrrm) 
A. Iigluerral (II ligmercai; 11 lignirii) 
II (ragilia (II Iragtlia) 

y. pla.m-vincvciU (II (uai/urmia) 

II anthra 
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CHAPTER XXVI 

BACTERIA OF MEDICAL IMPORTANCE 

By Lelaxp W. Park 

This chapter is devoted to a brief presentation of the important generic 
and specific characteristics of pathogenic bacteria and of certain non* 
pathogenic species commonly encountered in the examination of patho- 
logical materials. It also includes practical methods for the bacteriological 
examination of clinical specimens. The order in which the various groups 
of organisms are considered conforms to the sequence in which the genera 
were presented in the previous edition of this book. 

DIPLOCOCCUS 

Organisms of this genus are defined as "Parasites, growing poorly on 
artificial media- Usually uniform turbidity in broth. Cells usually in 
pairs and lanceolate in shape. Capsules well developed. Bile soluble. 
Produce diseases of the respiratory tract-" The Diplococci are Gram- 
positive organisms with high fermentative powers, most strains forming 
acid from dextrose, lactose, sucrose and inulin. 

Five of the seven species of Diplococait listed are obligate anaerobes 
found in septic wounds, the digestive tract, mucous secretions and the 
buccal-pharyngeal cavity. They are relatively unimportant forms and 
ma y not ferment inulin or dissolve in bile. Of the two aerobic forms 
D. mucosus, named before the types of the pneumococcus were recognized, 
is believed by many to be nothing more than a type III pneumococcus* 
The species of real medical importance is D. pncumonUe (pneumococcus). 
It is serologically very heterogeneous including as it does more than thirty 
distinct and stable immunological types. 

Diplococcus Pneumonia 

, , . - m 

• ■* . ed 


colonies of green-producing streptococci from which they may be differentiated 
by bile solubility, inulin fermentation and high pathogenicity for white mice. On 
JLoefScr’s serum slants pneumococci produce moderate growth appearing on the 
( 424 ) 
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surface as a delicate layer or as small dewlike drops. Growth ou potato and gelatin 
is very slight if at all. 

Broth.— In serum broth after twenty-four hours at 37° C. there is a diffuse turbid 
growth with slight deposit, increasing on prolonged incubation. No pellicle is 
formed. 

Resislanct " ’ ‘ ' 
temperature 
Survive in t 
or drvinp. 


0 _ . , . occi produce acid but no gas 

from a number of sugars including dextrose, lactose, sucrose and inulin. Milk is 
acidified and usually clotted. Nitrates are not reduced. Indol is not formed. 
Gelatin is not liquefied No soluble hemolysin produced. Soluble in bile. 


determined ... . 

so-called somatic antigen in the cell substance of the coccus common to all pneumo- 
cocci. Since the somatic antigen common to all pneumococci resides in the cell 
body, naked pneumococci are all serologically alike but the usual pneumococcus 
from the body has abundant capsule ana this determines the antigenic differentia- 
tion. 

Pathogenicity.— Ko filterable toxin. Pathogenic for man, and many laboratory 
animals. The white mouse is highly susceptible, the rabbit less susceptible and the 


tant changes found in variants arc: Loss of virulence, loss of power to produce a 
capsule, and loss of type-spccific polysaccharide, leaving the common somatic, 
nuclcoprotein antigen, so that the organism no longer has the property of type- 
specificity. 

Examination of Clinical Materials.— There arc at least thirteen common 
sources for the isolation of pathogenic bacteria from the human body, 
riz., blood, the c>c, car and mastoid, nose and throat, sputum and lungs, 
mouth and teeth, urine or genital discharge, the feces, gastrointestinal tract 
or gall bladder, the skin, pus from wounds or lesions, transudates or 
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exudates and cerebrospinal fluid. Pneumococci may be recovered from a!! 
of these sources except the skin, the gastro-intestinal tract or gall bladder, 
and feces. The specimens ordinarily employed, however, in diagnosing 
pneumococcic infections are sputum, throat swabs and pleural exudate in 
pneumonia, cerebrospinal fluid in pneumococcus meningitis, peritoneal 
exudate in pneumococcus peritonitis and pus in otitis media and mastoiditis. 
Blood cultures in all pneumonic infections serve to show the presence or 
absence of bacteremia which has prognostic value and such cultures, when 
positive for pneumococci, give irreproachable material for confirming the 
results of sputum or pus examinations. Methods of examination of clinical 
materials are microscopic, cultural, pathological (the use of animals) and 
serological. All four methods are made use of in the search for pneumococci. 

1. Microscopic.— Direct smears should be made of all materials to be 
examined except blood. The smears should be stained by Gram’s method 
which will serve to indicate not only the presence of typical Gram-positive, 
lancet-shaped diplococci but their number per field, a point of importance 
for proper application of Neufeld's Quellung Reaction. A capsule stain 
may also be made and should reveal the distinct capsule of the pneumo- 
coccus, especially well marked in Type III, and rarely absent in films 
prepared from body source material. 

2. Serological Determination of Pneumococci and of Types of Pneumo- 
cocci.— (a) Neufeld’s Quellung Phenomenon .— At the present time the 
Neufeld reaction is the most important test applied to determine pneumo- 
coccus types and incidentally to identify an organism as a pneumococcus. 
It is an antigen-antibody reaction. When an encapsulated pneumococcus 
is brought into contact with its specific anti-serum (rabbit) the antigen- 
antibody reaction is manifested by a swelling of the capsule. To obtain 
proper results obviously potent serums must be used and some account 
taken of quantitative relations. The "volumination” of the capsule in a 
positive Neufeld reaction is visualized by the use of methylene blue. 

Simplification of the Neufeld reaction has been effected by a two-stage 
set-up. Polyvalent mixtures of the known specific type antisera are avail- 
able as follows: 


A —Types 1, 2. 7 
B — Types 3, 4 , 5. 6, 8 
C -Typej ». 12, 14. 15, 17. 33 


D. — Types 10, II. 13. 20. 22. 24 

E. — Types 10, 18. 10. 21, 28 

F. — Types 23. 25, 27. 20, 31. 32 


(Types 20 and 30 are omitted because 20 has been identified with 6 and 30 with 15. 
newly recognized types are not usually included ) 


Other 


The first step is to identify the “pool” to which the suspected pneumo- 
coccus belongs. The second step is to ascertain with which component 
type of the pool the coccus identifies, by testing with each serum making 
up that pool. It is thus possible by this procedure with not more than 
twelve “quellungs” to establish the type of a pneumococcus. Should the 
organism fail to react with any one of the six “pools” it remains to pro'e 
by bile solubility that it is a pneumococcus. If it is, and such strains are 
not numerous, it is cither an “untypeable” form of a recognized type or 
one of the “higher” types for which serums are not yet in general use. 
Such cultures should be kept for further manipulation which may render 
them amenable to tjping or permit their study with respect to a fuller 
understanding of the serology of the pneumococcus. 
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jI The Neufeld reaction is carried out with fresh sputum as follows: 

A 1. Divide three clean slides into halves by wax pencil and label halves “A, B, C, 

i D, E, and F." 

i 2. 

| 3. 

:• - " - 

1 6 - 

l by ui 


1 _ . . ■. 

to time over a period of thirty minutes. 

7. Positive mixtures having been determined, repeat the test procedure with 
each serum contained in that mixture, until the positive type or types have been 
determined. 

Recent work indicates that the test may also be applied to sputum 
dried on a slide. The test lends itself well to the study of cultures, peritoneal 
exudates of mice, cerebrospinal fluid and other materials. Too many 
pneumococci in the preparation may require more antibody than is present. 
An old broth culture in addition to containing too many pneumococci 
may contain much antigen in solution thus interfering with the test. The 
test serums may be impotent. Thus simple though the test appears to be 
it should be performed only by experienced workers who examine many 
specimens per year if the best results are to be obtained. 

(1>) Agglutination and Precipitation Teste .— Agglutination tests may be 
carried out by a microscopic slide technic. The Sabin slide agglutination 
may be applied to pneumococci obtained by culture or from the peritoneal 
exudate of mice. The macroscopic tube agglutination may also be per- 
formed with cultures or with mouse exudate and requires less skill in 
interpretation than do the Sabin or Neufeld tests. The chief use at present 
for agglutination tests is for confirmation of results obtained by simpler, 
quicker methods. Macroscopic methods particularly require large amounts 
of material but they do offer advantage in that they arc usually set up 
to include a test for bile solubility which scrscs to help establish the 
presence or absence of pneumococci. 

The Sabin slide agglutination is carried out as follows: 

1. Put a minute drop of the culture or mouse peritoneal exudate on a 
clean glass slide, using a fine capillary pipet or a loop. 

2. Add a loopful of serum (diluted if the label so directs) to 1 drop of 
culture, smearing the mixture e\cnly and thinly. 

3. Add a drop of saline to a second drop of culture, and smear this 
mixture cxcnly and thinly. 

1. Let the preparation dry in the air. 

5. Fix by gentle flaming. 

t>. Stain with dilute aqueous fuchsia (10 ce. saturated alcoholic solution 
of basic fuchsin plus 1H1 ce. of water) and examine with the oil-immersion 
lens. 

Where true t> poqjccific agglutination occur*, organ! -ms are found in 
clumps, often surrounded hv waves of stained amorphous precipitate 
Clumping caused by spontmeous non-sj*cific agglutination can usually 
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be recognized by its occurrence in the control smear made with saline as 
well as in the preparations containing serum. 

Precipitation tests may be carried out upon the precipitable substance 
found in sputum by the method of Krumwiedc and Valentine; upon the 
precipitable substance which appears in urine in more than half the cases 
of pneumococcus pneumonia late in the disease; and upon the precipitable 
substance remaining in the peritoneal exudate of white mice infected with 
pneumococci after the mouse peritoneal washings have been freed by 
centrifugation of most of the cellular components of the exudate. Inas- 
much as the specific substance which reacts with the antiserum is soluble 
it may of course be found in cerebrospinal fluid, culture filtrates or other 
fluids which have contained an appreciable number of pneumococci for 
some time. A precipitation test may sometimes be possible when an agglu- 
tination test cannot be done as for instance when the cocci present autolyze 
or become heavily contaminated with other bacteria and of course in such 
a medium as urine in which pneumococci are scanty in number or entirely 
absent. 

3. Cultural.— Culture of specimens suspected of containing pneumococci 
is usually done from nasal or throat swabs, sputum, pus, peritoneal wash- 
ings or mouse’s heart blood on blood plates which are incubated at 37° C. 
for twenty-four hoi ■ . 

are examined on a 

■ ■ • Neufeld tests. 

.* _ j volume of buffered, dextrose meat 

infusion broth at least ten times the volume of blood taken for culture. 

■ ' 'g serum or 

. . ‘ s. Cultures 

. ■ ' . ' , . ' ntravenous 

imtdes par- 

. ses contain 

para-aminobenzoic acid to ensure the growth of living pneumococci which 
may be present and might otherwise be suppressed by the drug. Janeway 
suggests that 5 mg. of para-aminobenzoic acid per 100 cc. of medium 
be used for this purpose. 

Organisms which morphologically resemble pneumococci but do not 
react serologically should be isolated in pure culture and typing again 
attempted. If the type is not then identified the culture should be tested 
for its bile solubility as follows: la a small tube place 0.1 cc. of 10 per cent 
sodium desoxycholate solution or sterile ox bile and add 0.4 cc. of the 
culture to be tested. Shake the tube thoroughly. If the culture is a pure 
strain and the organisms are pneumococci the faint turbidity in the tube 
due to the suspended bacteria will completely clear. An additional cultural 
test is the fermentation of inulin (inulin serum water medium) positive for 
most pneumococcus strains, negative for most streptococcus cultures. It 
is to be noted, however, that if Gram-positive diplococci giving character- 
istic serological reactions are found they are usually accepted as pneumo- 
cocci without further cultural study. „ 

(For a discussion of the cultural method of Avery’s “artificial mouse 
see next section.) 
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4. Mouse Inoculation.— Mouse inoculation is carried out on those speci- 
mens which by microscopic examination show relatively few pneumococci 
or many contaminating organisms. It may be required either to obtain 
organisms for an original typing or to confirm a typing already done. 
White mice weighing 16 to 22 grn. are ordinarily used. Pneumococci are 
frequently abundant enough for typing within three to five hours. The 
technic of mouse inoculation is as follows: 

A small portion of sputum, about 1 cc., preferably washed three times 
through three changes of sterile saline, is emulsified in a mortar with 
sterile saline. (A watery sputum cannot be washed.) The clumps of 

and expelling them from 
. In either case injection 

■ . . - — use of about 1 cc. of the 

washed, emulsified sputum. If one of the more virulent types is present 
the mouse will usually show evidence of illness after five to eight hours. 
With a pipet withdraw some of the mouse’s peritoneal exudate and make 
stained smears. If Gram-positive diplococci are present in numbers suf- 
ficient for a Neufeld Reaction (2 to 18 per microscopic field) this test may 
be carried out and a diagnosis made. Sub-culture to a blood agar plate 
may also be made at this time if indicated. If too few pneumococci are 
present the mouse may be examined again a few hours later or until the 
exudate shows sufficient pneumococci. If it is desired to do agglutination 
or precipitation tests the inoculation is not terminated until the peritoneal 
exudate obtained shows on staining roughly as many pneumococci as an 
eighteen-hour broth culture would reveal or until the mouse dies 

The mouse is then killed, if it has survived to this stage, and the peri- 
toneal and thoracic cavities opened aseptically. The exudate present and 
heart-puncture material may be stained for the Gram reaction of the 
diplococci and to demonstrate capsules. Indicated sub-culture3 may also 
be made from these two sources. Then, using a sterile glass pipet wash the 
peritoneal cavity thoroughly with 3 to 5 cc. of sterile salt solution and 
place the washings in a centrifuge tube. Centrifugalize at low speed for 
about five minutes to throw down the gross cellular debris, which may be 
discarded. Transfer the supernatant suspension to a second tube and 
centrifugalize at high speed for fifteen minutes or until the supernatant is 
clear. With a pipet remove the supernatant fluid which may be used for 
precipitation tests. Resuspend the sediment in sufficient saline to give the 
desired turbidity for an agglutination test of pneumococci and use the 
suspension for the macroscopic tube-agglutination test and for the bile 
solubility test. 

Mice are sometimes unattainable. A classical substitute is the Avery 
"artificial mouse’’ method. The sputum, or other specimen, is prepared 
as if for mouse inoculation. Between 0.2 and 0.3 cc. of the preparation 
are then inoculated into a tube of Avery's medium, which is essentially 
dextrosc-blood-mcat infusion broth containing a higher concentration 
of dextrose and at a slightly lower pH than is the case for such a medium 
as routinely used. This medium is particularly useful also as an enrich- 
ment for nasal or throat swabs to obtain sufficient organisms for typing 
or as preliminary to mouse inoculation. The "artificial mouse,” being 
a good culture medium, is definitely less selective than the white mouse 
method ill which mouse virulent strains of pneumococci will be recovered 
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even if originally present in -very small numbers. The Avery method 
applied to a specimen containing many bacteria other than* pneumo- 
cocci may fail to reveal the D. pneumonia;, but failure is not apt to occur 
if the Avery tube is incubated carefully and examined after three to six 
hours following incubation and, if negative, at intervals thereafter. It 
should be remembered that the specimen for examination may not contain 
pneumococci. To demonstrate the other bacteria it may contain such as 
staphylococci, streptococci or Hemophilus influenzae culture on blood-agar 
plate is better than inoculation into either “mouse” and the making of 
such plates from suspect material is strongly recommended. 

STREPTOCOCCUS 

Organisms of this genus are defined as follows: “Cells spherical or 
ovoid, rarely elongated into rods, occurring in short or long chains or in 
pairs. Never arranged in packets and do not form zoogleal masses. 
Gram-positive, some decolourizing readily. Capsules not marked as a rule 
but well developed at times. Growth tends to be slight on artificial media 
and some species are aided by the addition of native proteins; isolated 
colonies are small and translucent; they may be effuse, convex or mucoid. 
Cultures are found which produce a rusty red growth in deep agar stabs. 
Certain strains form a yellow to orange pigment in starch broth. Action 
on blood is variable but characteristic changes are produced in stab cul- 
tures. Various carbohydrates are fermented with d extra rotary lactic acid 
as the dominant product. Carbon dioxide, volatile acids and other volatile 
compounds are produced in small quantities, if at all, from carbohydrate 
fermentation. Nitrites are not produced from nitrates and inulin is rarely 
attacked. Most species arc aerobic and facultative anaerobic; many species 
are normally parasitic and some are highly pathogenic. None are soluble 
in bile.” 

‘The strictly anaerobic streptococci, some of which produce gas and 
foul odors, are not yet completely defined and they may merit being 
separated in a new genus.” 

For more than sixty years streptococci have been the object of careful 
study. The importance of this group of bacteria is well known to the 
physician and its extent and complexity have been the despair and chal- 
lenge of the bacteriologist. Efforts directed toward a taxonomic under- 
standing of the streptococci have proceeded along different avenues of 
approach at various times. Our present understanding of the group is 
expressed in terms of three of these different methodologies. 

Hemolytic Action.— Schottmueller showed that the various species of 
streptococci differ in their effect on blood. This observation made forty 
years ago is still valid. Its application enables us to recognize three groups 
of streptococci: 

(a) Beta hemolytic streptococci sometimes called Streptococcus hemo- 
lyticus. These are the streptococci with a zone of clear hemolysis arouml 
each colony on blood agar. No intact red blood cells will be seen adjacent 
to the colony’ when it is examined with the microscope. If grown in blood 
broth these streptococci hcmolyze the red blood cells. Hemolysis is due 
to a soluble streptolysin of which there are two different forms, riz., strepto- 
lysin O and streptolysin S, 
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ii (6) Alpha “hemolytic” streptococci, sometimes called Str. viridans. 
u These are the streptococci whose colonies on blood agar characteristically 
u are surrounded by a green pigmented area. In some cases the area seems 

t to be a clear zone of hemolysis but in either case microscopic examination 

l of the colony will show unhemolyzed red blood cells in the medium touching 
i the colony. This is the streptococcus colony apt to be confused with that 
t of the pneumococcus. 

i (c) Gamma streptococci. These streptococci produce no effect in the 
i blood agar medium on or in which they grow. They are sometimes said 
to be “indifferent.” 

Biochemical Reactions.— At the present time this heading will include 
a variety of fermentations, tolerance limits for pH, heat, salt, dyes and 
so on. The reactions utilized are not of equal importance for all strepto- 
i cocci. Thus among the beta licniolytic streptococci the fermentations of 

trehalose and sorbitol, the ability to hydrolyze sodium hippuratc and the 
resistance to inhibition by methylene blue are the most important reac- 
tions. In another group, the viridans streptococci, the splitting of esculin, 
the hydrolysis of starch and the fermentation of lactose are important. 

Serological Groups and Types.— Streptococci arc now classified into 
“Groups” by means of the precipitin reaction using as antigens extractions 
from the streptococci containing serologically active and specific poly- 
saccharide. This work was slow to develop because group differentiation 
did not appear by this technic in testing streptococci recovered from the 
more dramatic of the human strcptococcus-incited diseases. This was 
because practically all such streptococci belong to one serological group 
(Lanecficld A). The specific polysaccharide responsible for this grouping 
appears to be part of the streptococcus cell body whereas that involved 
in the pneumococcus is found in the capsule. Eleven groups of streptococci 
have been identified by Lanecficld and other workers in this field (see 
Table Gl). Most of these streptococci, but not all, arc hemolytic. The 
specific carbohydrate in the viridans streptococci appears, in general, to 
be type specific, instead of group or species specific as in the hemolytic 
group. This results in a serologically heterogeneous group not readily 
amenable for purposes of taxonomy to the invaluable Lanecficld methods 
so useful in dealing with most hemolytic strains. 

Types, within the groups, particularly group A, have been demonstrated 
under the leadership of Gritlith and procedures for typing streptococci by 
Griffith's slide agglutination test are available. The procedure is reminis- 
cent of pneumococcus typing methods but lias as yet very much less 
general um.*. It is invaluable in epidemiologic and clu.mothcraix.utic 
studies but much less necessary’ for routine work. Two or even three 
different antigenic entities enter into typing. Of these one is the type- 
spccifie protein, M, an antigen primarily associated with virulence. I«cm 
imjxirtant as a v indent. c factor hut apparently more significant for the tv jx* 
reaction is the T substance. M anti T are so tit finitely’ correlated that 
hut little added complexity results from the fact thin: arc two fat tun* 
involved tn tv jx: specificity. In addition a mixture of nucleopmuint arc 
found in the streptococcal cells. These arc called “l'*’ and while “usually 
not tv pe-'j>ccifie, nor even sixxies-^jx-ctfie in tfiiir serological react ions'’ 
lim'd not Ixc !o*t sight of In a 'ludy of sjxvificity. Griffith ;ha< Mr'cnlxd 
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30 types of which four, Nos. 7, 16, 20 and 21, are now known not to be 
group A types. Others, however, have been added (see Table 62). 

The streptococci may be divided into five divisions. A general picture 
of the four aerobic groups, called: the pyogenic group, the viridans group, 
the lactic group and the enterococcus group, is given in Table 56, taken 
from Sherman. 


Table 5G.-Dimio.Ns or the Streptococci (Sherman, Bact- Rev) 


Lactic 


S • pyogmet 
S. matlilidia 
S. r^ut 

‘‘Animal pyogenes” 
The "human C” 
“Minute hemolytio” 
Group G streptococci 
Group E streptococci 
Group II streptoooccif 

S. aalieanu* 

S. tcpiinu* 

S torn 

Varieties of S bovi* 

S. thermophdut 

! S. laett* 

\ S. crcmoru 


- ~ + - 

“ “ + - 

- - + - 


- - + 

- - + 

- - + 


+ * +* 


f S.ftcalU - + + + + + +*+ + 

Entero- 1 S. lujue/acifn* — + + + + + +* + + 

coccus ] S. zymogentM D + + +• + + + +* + + 

l S duron » + + +* + + + — + + 

* Indicates occasional \ anation from type reaction. Extremely rare exceptions not noted 
t Group H streptococci, of doubtful status with respect to hemolysis, also fall between the 
"pyogenic" and "viridana" streptococci m physiological characteristics. 


demic sore throat, erysipelas and other acute, if less specific, diseases of 
man. Members of this group may possess such agents of virulence as 
erythrogenic toxin, responsible for the rash and other symptoms in scarlet 
fever, fibrinolysin which dissolves the clot of normal human blood, leuco- 
cidin which is injurious to white blood cells, and the Duran-Reynals 
“spreading factor” which alters the permeability of tissues. 

The viridans group of streptococci contains numerous, important mem- 
bers characterized by the failure to produce complete hemolysis on blood 
agar, by their ability to grow at 45° C., and by the fact that they are not 
grouped by the serological methods of the Lancefield classification. That 
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thoc organisms ure essentially umcuust uumUnmc organisms is attested 
to l»y their failure to rww at 1U* Viridans streptococci produce disease 
m nun, particularly ^ulMcutc ulcerative endocarditis am! t«» some extent 
arthritis, focal infections a ml alwcs.x*s. It in to he noted that streptococci 
in general frequently increase mi mucous muuhr.wus nr in lesions In the 
presence of other diseases which in the past gnu* rix* to Mispiciun «if 
etiological relationship often not confirmed. One such “sjKties," Sir. 
morbilli, associates! with measles, is of the viridans group. In gem ml 
grccmproducing streptococci are more frequently found on normal mucous 
membranes than are pjogenic forms although tlu-M* last are hy no means 
rare in the ‘‘normal thruat.” The characteristics of the viridans strepto- 
eixci ap]x*ar in Table oS. 


Ta*l* S*,-Apvniu\«l. CiumcTrainiu » hix,iMc.siiiini<v«ri i.slntmau, iUrl. Ilrt ) 


Cn 


UfinP'lliiuup . . 

•soltuta lij- 

df«J)»«l . 

"Inch ti>'!'<J)>nJ . 

mdin *(>hl . . 
Onto U> <41 «Q j*r t*ut 
l>iW»li»l »c»r 

<?»Uun Ivi'uHnl . , 

Muk cuiaUl . . 

"r&j" 

Vcij iiralurM (ruin 

MUlST" 


Mtmmoioo 


SorbiUJ , . . 

Saltan .... 

• I or o( ai 


«i#k arc T*U* io 





Taule 5s — Apuitioval Ciiaractekihtica Vikioa.se Stbutucocci (Sherman, Hart llcv ) 

Sl«cm or vmrirtj- 


S mat i 

Growth in l t>cr cent X«Cl 4 

Starch hydrolysed 
Sodium hippurato h> droly led 
Esculm split . . ■ 

Gelatin liquefied 
Milk curdled 
Final pH la glucose broth 
Acid produced from: 

Arnbinose . . — 

Malto&e • . + 

Sucrose . • . + 

Lactose . . ... + 

Trehalose ... “*■ 

RalSnose . ■* 

Inulm . * 

Glycerol .... — 

Mannitol — 

Sorbitol . — 

Salicin . . . * 

* For significance of asterisk see Table 50. 

23 


3. ton* .S (ArrmopAitur 


4-4 0 45-40 45-40 4 5-4 0 
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Streptococci are characteristically organisms of the mucous membranes 
of man and animals. The lactic streptococci, however, occur in dairy 
products. They are characterized by having low minimum and maximum 
temperatures of growth, strong reducing action and a marked tolerance 
to methylene blue.^ Ihcsc organisms are desirable bacteria functioning 
efficiently and vtell in the field of daily* bacteriology. Their characteristics 
found in Table o9 are chiefly helpful here in pro\iding identification for a 
chance strain encountered in laboratory practice; they are not pathogenic. 


Table 59 — Abditig-val Ciiahacteristicb; Lactic Streptococci (Sherman, Bact. Rev.) 


AmmonLj produced from peptone 
Growth at 40® C. .... 
Growth ia presence of: 

4 per cent .V»CI .... 

pll 93 

0-3 per cent methylene blue in milk 
Sodium hippurate hi droll red . 
Starch hj drolj zed .... 
Esculin split 

Gelatin liquefied . . . 

Milk curdled 

Final pH in glucose broth . 

Acid produced from: 

Anbinose . 

Xjloee 

Maltose 

Sucrose . . . 

Lactose 
RflfBnose 
Inulin 
Gli cerol 

Mannitol . . 

Sorbitol . - 

Sabcm . - .... 

► For significance of asterisk see Table 56. 


The fourth group of streptococci, the enterococci, are considered as 
having their origin in the animal intestine and it might be supposed that 
they would be a delicate group. From a study of Table 56 it will be evident 
that they have high resistance * . . _ ■ 

low minimum and high maximui * 

fit them to survive but also to g-'_ . — •- - -- 

The pyogenic and viridans streptococci do not develop colonies on extract 
agar but enterococci in fecal specimens grow out readily on Eodo’s agar. 
Gelatin liquefaction is noted for some of the enterococci and some of them 
are hemolytic and "groupable” as Lancefield Group D. They may enter 
occasionally into pathological conditions but without much significance. 
The characteristics of the enterococci are shown in Table GO. 

The fifth group of streptococci is that containing the eight anaerobic 
species. These forms will not be considered here but the statement may 
be made that they have some pathological significance but in at least one 
instance (puerperal fever) this pathogenicity has been overemphasized 
while possibly in other conditions more warranted it has not been suf- 
ficiently recognized. 

The pathogenicity of the serological groups of hemolytic streptococci 
is outlined, modified from Lancefield s Han ey Lecture, in Tables 61 and 62. 


.STHWTOCOCCV.'i 


m 


T*ki wl — A»Dmo*a CiitMcuuinn. L'vu«y««l (M.irman, Baet. Ilev.) 


UnnliflJ £touj> 

(ifl»Ua IcjUefatlinn 

Mtvr.g reduction 
\fti\ c!y fiUuiob tic • • 

-Ni.lnun hi; purat# hydro!) col . 
Marrh hydro!) aid 
Barulin ej.Ul 

Milk curdle*! 

I uial pH In cluouM litnth 
And produced from: 

Anbmote 

MiIiom . 

b-ucro## . . 

I-acto»# 

Tnhaloae 

lU.Hr.otc 

Inulm 

Glycerol ... 

Mannitol 

Sorbitol . . 

balicin 



• For ngnifirarir# o( aateruk »r# TtMt id. 





+ 


+ 
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Table 61 — Pathogenicity o r Sebolouical Geoip# or Hemolytic briierTticocci 
(Lane* field, lUnry Lectured 



thief 

Ocraatnr.all) 

Group# loun.l 

Aniuui 

pathogenic 

|4lU«ru< 

but at parent.) 

eouire 


troupe 

non-palhogenie 

Meu 

A 

H. C. D. F. G. 11 

K. I. 

Cattle 

11. C 

A.G 

D. K. 11. L 

Horn# 

C 



Monkey 


A.O 

C 

Dog 

G, L. M 


C 

Chicken 


A T 


Swin# 


B. L 

G 

Goat 




bbeep 

_ 



Fox 


M 


Ferret 




Rabbit 


A. B 


Guinea pig 





Mouia A, B, C 

The groups and tjpc specific antigens known at the present time are 
shown in Table 02. 


Table 62 — Grolp and Type Specific Antigen# or Hemolytic Stbeptococci 

(Lnnrcfield. Ilarxcy Lectures) 


Croup epccificity 


Serological Group apecifie 
group *’C“ ubaUncri 


FpeciSo 


Type apecifieity 

T>pe apecifio aubataneca 
Deaignaled Chemical nature 


A 

U 

C 


At leaat 30 


Undetermined 


I’ohaaccbandea im- Several 
munologieally dia- 
tmet tor eacb group Several 


. “S” 

No a> mbol 


Pol) aacchatidea 
Protein* 


Su balance* chemically 
, and immunologicaUy 
distinct tor each t) pe 


Several "S" Poly aacchatidea 


Examination of Clinical Materials for Streptococci. —Streptococci may 
be encountered from every one of the sources of materials from the body 
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of man. They are only equalled in their widespread distribution in patho- 
logical material by the staphylococcus group. Most specimens, however, 
come from blood, sputum, throat, nose and vaginal secretions, pus, skin 
lesions and spinal fluid of infected individuals. In collecting specimens from 
the skin lesions of erysipelas, ^ inject a small amount of sterile broth into the 
skin at the margin^ of the inflamed area and then withdraw the broth 
which usually contains the organisms. 

1. Microscopic. Smears on glass slides should be prepared from all 
material for examination (except blood) and stained by Gram's method. 
Look for Gram-positive cocci, arranged in long or short chains. ’Micro- 
scopic examination cannot differentiate the various species of streptococci 
nor is it always possible to exclude streptococci by such examination. 

2, Cultural. — The isolation of streptococci and the differentiation of these 
organisms according to action on blood agar may be carried out as follows: 

(а) Streaked Plates . — With each specimen inoculate 2 plates of 5 per cent 
defibrinated horse or human blood-agar medium by streaking the surface 
of each in parallel rows with one loopful of material, undiluted or diluted, 
depending upon the number and kind of microorganisms found in the 
preliminary microscopic examination. Incubate one plate under anaerobic 
conditions in a hydrogen jar and examine for growth after forty-eight 
hours; incubate the other in an atmosphere which contains from 5 to 10 
per cent carbon dioxide and examine after twenty-four hours. If no growth 
characteristic of the hemolytic streptococci is present, reexamine after 
longer periods of incubation. 

( б ) Pou ■ ‘ 

agar ■whicl . * 

to45°C. c ■ o 

the tube. With a pipet place 1 cc. of appropriate dilutions of the specimen 
—1 in 10, 1 in 100, etc.— in a Petri plate and add the melted blood agar. 
Tilt the plate carefully to distribute the inoculum evenly. Before the 
plates are inverted for incubation, be sure that the medium has solidified. 
After incubation for twenty-four hours, examine for colonies surrounded 
by clear, colorless zones of hemolysis; if none are found, reexamine after 
longer incubation. 

As a control of aseptic technic and of the sterility of defibrinated blood, 
prepare at least one uninoculated plate of the blood-agar medium and 
incubate with the inoculated plates. 

(c) Streaked-poured Plates .— Inoculate beef-heart-infusion agar plates 
by streaking the surface as described for streaked plates. Pour over the 
inoculated surface a thin layer, approximately 5 cc. of 5 per cent defi- 
brinated horse or human blood agar. After the medium has solidified, 
invert the plates and incubate for twenty-four hours. Examine the plates 
from the bottom for hemolytic colonies; if none are found, reexamine after 
further incubation. Similarly, prepare and incubate a sufficient number 
of uninoculated plates of the blood-agar medium to sen e as a control of 
sterility. 

It is frequently necessary to culture blood from conditions in which 
streptococci are suspected as the etiological agent. In such cases the 
usual precautions regarding adequate broth-to-blood ratio should be 
observed as well as the need for the use of para-aminobenzoic acid in the 
infusion broth medium in which the blood is to be cultured in those cases 
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where sulfonamides have been used. Some workers prefer a semi-fluid 
infusion agar for such purposes. Such a medium containing J per cent 
agar is warmed to 35° C. prior to the addition of the patient’s blood. Blood 
clots, aseptically handled, may be comminuted for culture according to 
the method of Sellers and fiords by placing the clot in a suitably large, 
sterile syringe and forcing it, with the plunger, through the syringe tip 
into a flask of broth or a bottle of semi-fluid agar. Cultures must be 
incubated at 37° C. until growth appears and arc not to be considered 
negative until after at least seven days incubation for plates and fourteen 
days for flasks and bottles. In the case of endocarditis repeated blood 
culture may be necessary since the bacteria concerned, streptococci or 
otherwise, are usually only released from the heart valve lesions into the 
blood at intervals. Material from broth or semi-fluid agar showing growth 
should be streaked on blood agar plates to determine hemolytic activity 
and to obtain colonics for pure culture study. 

The fibrinolytic action of streptococci is determined as follows: Dilute 
0.2 cc. of oxalated human plasma (0.02 gm. of potassium oxalate to 10 cc. 
of blood) with 0.8 cc. of saline. Add 0.5 cc. of a young (eighteen to twenty- 
four-hour) turbid broth culture of the streptococcus to be tested. Mix 
immediately and add 0.25 cc. of a 0.25 per cent aqueous solution of calcium 
chloride. Mix and place in a water bath at 37° C. In about ten minutes 
there should be a solid coagulum. Observe frequently and note the time 
when the contents of the tube become completely fluid. Plasma from 
individuals who have recovered recently from hemolytic streptococcus 
infections, is not suitable for the test. 

Fermentation of Carbohydrates . — The data given in the tables in this 
section indicate the various fermentation tests which may be used in 
streptococcus study. Routinely these tests are seldom utilized. Of the 
tests the failure of the streptococci to produce acid from inulin Hiss’ 
serum water is important because pneumococci give a positive reaction 
in this medium. 

3. Animal Inoculation .— Mouse Inoculation .— Streptococci may be viru- 

lent for white mice causing the death of these animals of septicemia but 
the< T " 11 

mor 

pneumococcus. 

Virulence Test .— No test is available for evaluating the virulence for 
man of streptococcus cultures isolated from carriers or convalescents. 

4. Serological.— The grouping of streptococci is carried out utilizing 

prepared precipitating sera and extracts of the cultures to be tested. The 
positive test is a precipitation observed as a ring reaction forming at the 
junction of antigen and antibody after some ten minutes incubation at 
37° C. The ring formation may not appear so promptly and if so the tubes 
should be shaken and incubated for two hours. At this time they should be 
examined for precipitation and not recorded as negative until the tubes 
have been held overnight at from 4° to 6° C. Eleven groups are known but 
interest centers chiefly on groups A, B and ■ ■ ■ 

incrcially available. The typing of streptocc 

Slide Agglutination Test is carried out with 
of the streptococci to be tested. Because of 
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be applied only to streptococci known to be group A. To facilitate results 
the serums are available individually and in pools. As in pneumococcus 
typing the culture is first located in one of the pools (usually five) and 
then by subsequent test identified with one of the components of the 
positive pool. Typing and grouping are refinements of technic many 
laboratories cannot carry out and they should never be carried out except 
with proper materials and by experts. They are however very useful 
epidemiological tools and every effort should be made to utilize these 
procedures which experience suggests will be increasingly important. 

5. Confirmatory Test .—Hemolysis of Washed Erythrocytes .— Add 0.5 cc. 
of a broth culture to an equal volume of a 5 per cent suspension of washed 
erythrocytes and incubate tbe mixture in a water bath at 37° C. for two 
hours. Examine at intervals for hemolysis. 

G. Susceptibility Test .—The Dick Test for Susceptibility to Scarlet Feier 
Erythrogenic Toxin .— Inject ictradermally on the anterior surface of the 
forearm 0.1 cc. of scarlet fever toxin diluted to contain one Skin Test 
Dose. This toxin is heat stabile and the reaction is read in twenty-four 
hours so that a control is less generally used than in the somewhat com- 
parable Schick test for susceptibility to the action of diphtheria toxin. 
The readings are as follows: Negative — red area less than 1 cm. in diameter. 
Slight positive— Ted area 1 to 2 cm. in diameter. Positive — red area 2 to 
3 cm. in diameter with some sw elling and tenderness. Strong positive — red 
area over 3 cm. in diameter, swollen and tender. 

NEISSERIA 

This genus is defined in Bergey's ATanual as follows: “Paired Gram- 
negative cocci with adjacent sides flattened, which grow as aerobes, faculta- 
tive anaerobes. Found on mucous membranes, or invading blood stream 
and localizing in tissues, joints or meninges of mammals. Limited bio- 
chemical activity: few carbohydrates utilized, indol not produced, nitrites 
not produced from nitrates, catalase produced abundantly." 

The genus Neisseria includes 11 species. Of these the most important 
pathogens are jV. gonorrhaex and N. intracellularis. . A. catarrhahs has 
been found associated with epidemics of conjunctivitis, in upper respiratory 
infections and in normal individuals. The other species appear to be non- 
pathogenic parasites of the mouth and upper respiratory tract of man. 

Key to the Species of the Genus Neisseria 

I. Aerobes, facultative anaerobes. 

A. Grow best on special culture media or on plain agar containing 
blood, blood serum or ascitic fluid, especially with added dex- 
trose/ Grow best at 35° to 37° C.; no growth below 25° C. or 
above 40° C. Acid only in limited sugars. Not chromogenic. 

1. Acid from dextrose, not from maltose. Grow th can occur 

* anaerobically. 1. N . gonorrheex. 

2. Acid from dextrose and maltose. No growth anaerobically. 

2. N. intracellularis. 
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B. Grow well on ordinary culture media. Grow well at 22° C. 

1. Non-chromogenic. 

(a) Moist colonies on agar. No action on dextrose, 

sucrose or mannitol. 3. N. catarrhalis. 

(b) Dry crumbly colonies on agar. Acid from dextrose 
and sucrose; but not from mannitol. 

4. N. sicca. 

2. Chromogenesis— best seen on Loeffier's scrum. 

(а) Acid from lcvulose. 

(1) Acid from sucrose. 5. N. perflava, 

(2) No acid from sucrose. 6. N. jlava. 

(б) No acid from levulose. 

(1) Acid from dextrose. 7. N. sub jlava. 

(2) No acid from dextrose. 8. N. jlavcscens. 

II. Anaerobes. 

A. Gas produced from peptones. 9. N. discoides. 

B. No gas produced. 

1. Odor of rancid butter. 10. N. remformis. 

2. No rancid odor. 11. N. orbiculala. 

Neisseria Gonorrhcem 

Habitat.— Strict parasite of man. Found in discharges from the genito-urinary 
system in acuta or chronic gonorrhea, in pus from the conjunctiva in gonorrheal 
conjunctivitis, and recovered from the blood, joints or even cerebrospinal fluid m 
those less common cases in which the gonococcus is the cause of endocarditis, 
arthritis or meningitis. 


may develop a roughened surface and a crenated edge. 

Blood Agar Plate (Horse). Twenty-four Hours at 37° C.— Little or no growth of 
freshly isolated strains. Neisseria are inactive on blood mediums producing neither 
partial nor complete hemolysis. 

Loeffier’s Serum. Twenty-four Hours at 37 0 C.— Scanty growth when first 


minutes, 
may live 

s 37® C., 


tions. Autolysin present. 

Biochemical.—ProducGS acid, no gas in glucose. No change in litmus milk. 
Catalase present. Methylene blue reductase absent. 
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Serological .— Gonococci are immunologicallv heterogeneous hut, jnmr t n f«n 

into tWO main ' . , , , 


and ophthalmia neonatorum in man. 

‘ : rabbits, but 

' ■ 3 animals. 

■ al transfers. 
■ ■ ages, lo=>s of 

■ t, — .. — „ w. colonies. 

Examination of Clinical Materials.— 1. Microscopic.— Make direct smears 
of the infected material on glass slides, fix with heat and stain by Gram’s 
stain. To control the staining reaction of such preparations one loopful 
of a young broth culture of Staphylococcus aureus (Gram-positive) and one 
of Escherichia coli (Gram-negative) are placed on the slide before staining. 
If these control cultures are not available a satisfactory substitute is a 
small amount of dental "tartar” taken from teeth at the gingival margin 
with a moistened match end. Such material usually contains a wide variety 
of microorganisms and maj' show epithelial and pus cells. The gonococcus 
is typically Gram-negative when stained properly. It is usually arranged 
in pairs with flattened, approximating surfaces suggesting a biscuit or 
coffee-bean shape. The organisms may be observed inside or outside of 
the pus cells. The intracellular location is typical and has considerable 
diagnostic significance. Extracellular gonococci, as a rule, are found only 
in smears from chronic cases of the disease. Smears coming from females 



microscopic diagnosis cannot be made. Material for culture mm>t not be 
allowed to dry and should be plated promptly. If more than a short 
interval of time is to elapse before it can be cultured it should be kept at 
from 4° to 10 3 C. instead of at body temperature. Best results are gen- 
erally obtained in all culture work, no matter what organism is concerned, 
when cultures are made immediately after the specimen^ is collected. 
Carpenter states that dependable results can be obtained with specimens 
held for as long as eight hours. 

A variety of culture media have been suggested for the growth of the 
gonococcus from infected material, such as plasma agar, beef or sheep 
blood agar, starch casein-hydrolysate agar, horse plasma hemoglobin agar 
and “chocolate” blood agar. Carpenter prefers "chocolate” agar made 
from an infusion agar base, from a tryptic digest agar base, such as Douglas 
agar, or from hormone agar base. Human, horse, rabbit or sheep blood 
may be used to prepare the “chocolate agar” and Carpenter recommends 
the addition of tyrothricin to yield a final concentration of 1 to 15,000 to 
inhibit such Gram-positive organisms as streptococci, lacto-bacilli and 
diphtheroids. 

Cultivation is carried out in an atmosphere containing 8 to 10 per cent 
of carbon dioxide. This requires jars in which the required carbon dioxide 
concentration can be maintained by displacement of the air present with 
a prepared mixture of air and carbon dioxide. A simpler method, found 
very satisfactory, is to place a short-lighted candle on the plates in the 
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jar and then replace the lid fastening it tightly. When the flame is extin- 
guished by the depletion of oxygen, the concentration of carbon dioxide 
is approximately 10 per cent. Cultures must be incubated in a moist 
atmosphere at 37° C. for twenty-four hours but it should be remembered 
that some strains do better at 35° C. and may require forty-eight hours to 
grow to recognition. The gonococci appear as convex colonies from 1 to 
3 mm. »n diameter. Diagnostic features are the undulate character of the 
colony margins and the transparency of the growth. These features permit 
distinction from young colonies of streptococci or diphtheroids for which 
the gonococcus colony may be mistaken. 

When uncertainty exists regarding the presence of gonococcus colonies 
resort may be had to the "oxidase test.” This test is based upon the pro- 
duction of an enzyme, oxidase, by organisms belonging to the genus 
Neisseria. Para-ammodimethylaniline monohj drochloride is added to the 
plate and produces an immediate series of color changes in a gonococcus 
colony: first pink, then maroon and finally black. If sub-culture is to be 
made when this dye compound is used it must be done at the "pink” 
stage because the gonococcus is killed by the test. Its staining reactions 
are not, however, interfered with. The tost is carried out by dropping 
1 to 2 cc. of the chemical in solution on the plate to be tested and tdting 
the plate so that the entire surface is moistened. A "nasal” atomizer can 
be used to supply the hydrochloride if many plates are to be examined. 
Some workers prefer tetramethylparapbenylenediamine hydrochloride 
as the dye to use in this test. The positive test is given by a variety of 
bacteria other than the gonococcus but most of these, such as species of 
Hemophilus, yeasts, coliform bacteria. Bacillus and Streptothrix can be 
ruled out by morphology. Others, such as other species of Neisseria can 
he eliminated by fermentation tests. 

Fermentation Reactions.— Fermentation reactions may be determined 
for pure cultures of Neisseria by inoculating pure cultures of the organism 
to be tested into serum-water media containing dextrose, maltose, sucrose 
and levulose respectively. More recently the medium preferred for fer- 
mentation work lias been ascitic fluid agar with Andrade’s indicator to 
which 1 per cent of the fermentable substance is added and w hich is dis- 
pensed in slants in rubber stoppered tubes which effects a limitation of 
oxygen supply and an increase in carbon dioxide content as growth pro- 
gresses. Semi-sold mediums may also be used with success. It is advised 
to observe fermentation studies on Neisseria during the progress of the 
incubation since in some cases acid production is transient. This is par- 
ticularly so with freshly isolated strains. 

Neisseria of medical significance will not ferment lactose. Other fer- 
mentations and reactions helpful to differential diagnosis are summarized 
In Table 63. 

3. Serological.— The complement-fixation test is sometimes utilized when 
a gonococcus infection is suspected and infective material is not available 
for microscopic and cultural study. Such a test will obviously only succeed 
when the patient’s blood contains the specific antibodies and the antigen 
used is satisfactory. The test thus has usefulness only in disease of long 
standing such as arthritis and endocarditis and the antigen purchased or 
made must be a polyvalent one. Detailed instructions for the complement- 
fixation test may be consulted in Diagnostic Procedures and Reagents. 
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of the genus Neisseria that produces such translucent colonies is the 
gonococcus and its colony is usually smaller and there is less tendency to 
confluence. 

Branham states that it is becoming more and more common to make 
blood cultures as an aid to diagnosis in meningococcic infections. This 
procedure is of value in early cases and in those without meningeal symp- 
toms. 

Fermentation Reactions,— In identifying an organism as a meningococcus 
resort may be had to fermentation reactions as indicated elsewhere in this 
section. 

3. Animal Inoculation. — Test not used. Like the gonococcus meningo- 
cocci are toxic for animals in sufficient dose but they do not produce 
characteristic disease in laboratory animals which can be used either to 
identify the organism or comment on its virulence for humans. Meningo- 
cocci are known to be present in the throats of the healthy to a certain 
degree most of the time. It is only when the number of such carriers rises 
above a threshold figure and when the host population becomes susceptible 
that more than sporadic cases of meningitis appear. As in pneumococcus 
work, it would be highly desirable if there were an animal test which 
would reveal the relative virulence for humans of different strains under 
study. 

4. Serological.— (a) Macroscopic Tube-Agglutination Test.— The identi- 
fication of cultures thought to he meningococci is carried out by agglutina- 
tion tests using suspensions of twenty-four hour growth on solid medium 

prepared con- 

; . the suspending 

; . ..... j .. . erum dilutions 

in series from 1 to 25 to 1 to 1600 or higher arc prepared. One-half cc. of 
bacterial suspension is added to each tube (0.5 cc. diluted serum) giving 
a total volume of 1 cc. with dilutions from I to 50 to 1 to 3200. Controls 
consist of bacterial suspension in saline only and in horse serum 1 to 25 
and 1 to 50. The tubes are incubated at 56° C. for eighteen hours and then 

\b) Microscopic Slide-Agglutination Test— The advantage of this test is 
that individual colonies from a primary culture may be used and a pre- 
sumptive diagnosis arrived at quickly. The method follows; Polyvalent 
antimeningococcus horse serum and normal horse serum are diluted 1 to 10 
with 0.85 per cent saline and a loopful of each placed on a slide. Some of the 
suspected colony is rubbed up in each. A drop of saline is also placed on 
the slide and receives a charge of the suspected meningococcus culture. 

If agglutination takes place in the drop containing antimeningococcus 
serum but not in the normal serum and the saline controls, a presumptive 
diagnosis of “meningococcus, type undetermined” may be made. Any 
other reaction is unsatisfactory and should be disregarded. Strains of 
meningococci may be encountered which fail on occasion to agglutinate 
in polyvalent antimeningococcus horse serum. Branham states that as a 
• " * ' , " ' ’ ’* ” ’ypolyvalentanti- 

^ ‘ Noble Method.— A 

recent development is the production by Phair and associates of highly 
potent and specific chicken serum for the typing of meningococci by an 
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Vrlj le Noble agglutination technic. The technic consists in mixing in a 
series of small tubes 0.1 cc. of a heavy suspension (matching the No. 8 
t ube of the McFarland nephclomctcr) of the organism u ith a similar volume 
of a chicken, type specific, antimeningocoecus serum, diluted with saline 
I to 1, l to 2, 1 to 4, 1 to 8, 1 to 16 and 1 to 32. The mixtures are agitated 
■ >r three minutes and then to each tube 0 8 cc. of saline are added. The 
insulting reactions may be classified almost immediately as complete, 
almost complete, partial, slight or no agglutination and recorded as 4 +, 
3 +, 2 +, 1 + or 0, respectively. This reaction takes place at room tern- 
perature, is read immediately, and the agglutinated organisms form clumps 
which can be seen easily. It is hoped that this method will provide a better 
means of expl ■ ■ of the 

meningococci 

(d) Idcntific “ _ • " —The 

demonstration of capsular swelling when an organism is brought into 
contact with its specific antiserum, a reaction of first importance in dealing 
with pneumococci, has been suggested for the meningococci found in 
< erebrospinal fluid by Clapp and studied by Einhorn. It is possible that 
meningococci may be dealt with by this technic but their rating as “non- 
encapsulated” makes it unlikely that the test will ever establish itself as 
of much value. It has long been known that a certain “volumination” 
results when organisms are brought into contact with specific antiserum. 
The difficulty is demonstrating such a reaction in the absence of distinct 
capsular material makes such methods difficult and unsatisfactory for 
general use. (Type 2 [alpha] lends itself to this technic better than other 
types ) 

(e) The “Halo Reaction ."— Of much more significance for practical pur- 
poses is Petrie’s ‘‘Halo Reaction,” originally described for several species of 
organisms but only applied in practice to the meningococcus. The reaction 
is the development of halos around colonies of meningococci on agar plates 
containing immune serum and is due to the precipitate formed by the 
interactions of the soluble specific antigens of the meningococci and the 
specific precipitins in the serum. 

The following directions for carrying out the “Halo Reaction” are 
approximately those of Branham: 

1. Melt the agar in tubes, each tube containing approximately 15 to 
16 cc. 

2 Cool the agar to 50° C., add 0.8 cc. of serum and pour the mixture 
into sterile Petri dishes. This gives a serum concentration of approximately 
5 per cent. 

3. Collect a mass of growth with a platinum loop, about 2 mm. in diam- 
eter, from an eighteen-hour culture on glucose serum agar or five-hour 
culture on blood agar. 

4. Place this mass upon the surface of the specific serum agar plate 
without spreading; 6 to 10 different cultures may be tested on one Petri 
dish. 

5. Incubate the plate at 37° C., and examine it after forty-eight and 
seventy-two hours in a strong light against a dark background. A visible 
precipitate in the form of a halo around the bacterial growth will be noted 
in a positive reaction. Variations of intensity of halo formation may be 
recorded as 1 plus to 4 plus. 
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Neisseria Catarrhalis 

Neisseria catarrhalis is a non-motile, Gram-negative diplococcus, at 
times arranged in tetrads or small groups. In sputum the organisms are 
shaped like coffee-beans, and may be both intra- and extracellular. In 
culture they are generally larger, growing in tetrads and staining evenly. 
On agar, after twenty-four hours, the colonies are about 1 to 2 mm. in 
diameter, convex, whitish-gray, with a glistening surface and an entire 
edge. After three or four days they are 3 to 4 mm. in diameter, and are 
differentiated into a prominent, more elevated, opaque, slightly brownish 
center and a thinner, gray, transparent, wav e-like periphery with a crenated 
edge. The colonial appearance is subject to variation, both "smooth” 
and "rough” types being formed, but they are generally coherent, tenacious, 
membranous, friable, difficult to emulsify, and auto-agglutinable when 
suspended in saline. When grown in broth there is usually only slight 
turbidity, the sediment is coarsely granular and does not disintegrate 
completely on shaking. If the tube is not shaken a pellicle may appear. 
Growth occurs within a range of 18° to 42° C., the optimum being at 
37° C. The organism is aerobic and will not grow under strictly anaerobic 
conditions. No sugars are fermented. Gelatin is not liquefied. Growth 
is favored by the addition of blood, serum and ascitic fluid, but not by 
glycerol. Cultures in a moist state will survive for four or five months at 
21° C. The organisms live in dried sputum for as long as twenty-seven 
days. They are killed by heating to 65° C. for thirty minutes. The virulence 
for laboratory animals is low. Rabbits are resistant but guinea pigs injected 
with large doses die of toxemia in twenty-four hours. Heat-killed cultures 
are almost as fatal as living ones. Diagnosis is made from the infected 
secretions by microscopic examination (the organisms are larger than 
meningococci and may not be arranged in pairs) and by culture. Growth 
at room temperature and on simple media will exclude the gonococcus 
and the meningococcus. None of the sugars are fermented. 

STAPHYLOCOCCI AND RELATED MICROCOCCI 
Staphylococcus 

This genus is defined as follows: "usually parasitic, cells occur singly, 
in pairs and in irregular groups, rarely in packets. Usually Gram-positive. 
Growth fair to good on the surface of artificial media. As a rule carbo- 
hydrates are fermented with the formation of acid. Gelatin commonly 
liquefied Nitrate reduction variable. May produce hemolysis on blood 
agar. Pigment white or orange, or less commonly lemon yellow.” 

Nine species are listed in Bergey’s Manual (1939). Of these Staphylo- 
coccus aureus, Stapk. citreus, Staph . epidermidis, Staph, albus, Staph. 
musex and Staph, pharyngis are aerobes; and Staph, asaccharolyticus, Staph, 
xrogenes and Staph, anxrobius are anaerobes. Staph, aureus produces a 


Staph, albus and Staph, musex ferment sucrose and mannitol but not 
raffinose. Staph, albus is found on skin and mucous membranes whereas 
Staph, musex causes a fatal infection in house flies transmissible to healthy 



STAPHYLOCOCCI A.XD RELATED MICROCOCCI 


447 


flies. Staph, pharyngis ferments sucrose, mannitol and raffino&e. The six 
aerobic species typically liquefy gelatin and ferment lactose. The anaerobic 
staphylococci produce gas from peptones in some cases with a fetid odor 
and are found in body cavities. Staph, zrogcncs has been found in cases 
of puerperal fever and recovered from infected tonsils. The anaerobic 
species do not liquefy gelatin or ferment lactose. The type species is 
Staph, aureus. 

Staphylococcus Aureus 

Habitat . — The skin and mucous membranes. The cause of boils ? carbuncles, 
abscesses, suppurating wounds, osteomyelitis, occasionally meningitis and septi- 


Mngly, in pairs, or short chains; non-inotilc; non-flagcllated; non-capsulated and 
non-sporulating. Stain easily with aniline d>cs; Gram-positive and non-acid-fast. 

/fernfanec.— Withstands moist heat at C0° C. for thirty minutes, usually killed 
in one hour. May stand drying for months. Killed in fifteen minutes by 2 i>er cent 
phenol. Inhibited by basic tnphenj Imcthanc djes. One of the most resistant of 



m diameter in twenty-four to forty-eight hours at 37* C. 

Ulood Agar.— Abundant growth. Clear xonc of beta hcmoljsis around golden 
\cllow colonics. 

lAfjJlrr't Coagulated Scrum.— Abundant raised confluent golden jelluw growth. 

Eofin-^Hihglcne Hlue .1 jar.— Growth inhibited. 

.YiiinVnJ llroth.— Moderate uniform turbidity; powdery dcj«sit which disin- 
tegrates readily on shaking; slight nng of growth at surface. 

(Sclatin Stab.— Faccato tone of liquefaction with jcllowish jk-UicIo and Jcllow 
to orange sediment. 

lAltuut Milk. — Acid, coagulated. 

/fitWiOmmi Rr actio * ' ■ ' 1 ' 1 * ' 1 ' *1 

licto-e, glycerol and ■ » 

starch not hvdrvlj wd ■ ■ 

due**! Milk usually ctugulated by the acid iimluccd bv fermentation, l*.t the 
precipitated casein Usually is not dissolved. lnd«l not produced. Nitrate mluct.ua 
variable. Mtthjbnr blue rcduct-ne j«>Mtnc; Jig? sl'ght; Nil, produced. GiMm 
\cllow jfgment fomicil R.imI r*a«JJy at 22* C. <-n «2bur»iftuu« WftJj ri to 


, • ■■ 

,VnA* r V -*Agslut.nali»>n ax»d prvrqutaUMi loti have loa u*«*l in r—un 
attempt* to cla*eJy stapl.jl wmi. 1 '»«-.}<* tat.. n lnU with »;«x.£e earl* hydrate* 
nliicii'l (nut) the otguiium have l«ta advocated to w;a!»ic »taj hjf ««l .r.ta 
t\ jc-* A and 11 w*j*fr lively Mint <4 the Ijje A strata frr.r.mt wu.«U 1 a:.d th **> 
,4 tvje It do t.«*t. Nnkpcal tr»t* are fairly um»I ia ru.ri.re 
i ’.i.' L .,v r i n!y . — M ' »i t a in.’ ml r.'.t.w** air tho** fno.'.ly i»NUd lt\<a b-i.-vn 
let.i Man rc r»av,.til 1c t!oa laK.;al. ry thfc rvd l»d mt j 

ur..nju?*d «h n <4 Iran have |4t*!.rr«l rail'-tch* 1'iv.l allr rfr o<rf j<r*Uata 
thii'-.g'i to cat d .rl»«-r at ha.r f> £..!** Natural i, ita-Il- 

i{ g in •e\rre pi grr. c .rfiet .£.» (l» <*rU.rcIr*, at o*!o r: w).!-'. «<; 

ircvi.i.i), ?tajbato*a k*ir al>*> t**n .*.« u. rated as (*»•— j all 
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important type of food-poisoning.” Experimentally pathogenic for rabbits, less 
so for mice and guinea pigs; rats and pigeons are said to be resistant. 
Dissociation .— Variations which may occur include changes in morphological, 

. Newly isolated pathogenic 
vhen held in the laboratory. 

. _ . . r — ~ays: "The eeneral onininn is 

■c, 

g; 


Staphylococcus Albus 

Staphylococcus albus differs from Staph, aureus in color, being white 
instead of golden yellow' and usually much less pathogenic and biochemically 
active. Otherwise they are similar. 

Staphylococcus Epidermidis 

Staphylococcus epidermidis is another organism which produces white 
colonies and may give rise to minor lesions such «as stitch abscesses. It 
is probably only a variety of Staph, albus. 

Staphylococcus Citreus 

Staphylococcus citreus also resembles Staph, aureus in many respects, 
but it is a non-pathogenic saprophyte which produces a lemon-yellow pig- 
ment. 

GAFFKYA 

This genus includes G. tetragena and three other species. They differ 
from organisms of the genus Staphylococcus in that they occur as tetrads 
in the animal body and in special media, while in ordinary culture media 
they occur in pairs and irregular masses. They also differ in other details 
such as the failure of the more important species to liquefy gelatin. 

Gaffkya Tetragena 

G. teirogena is a Gram-positive parasitic coccus; found in the raucous 
membranes of the respiratory tract; isolated from pulmonary cavities 
in tuberculosis and from abscesses in man and lower animals. It has 
also been found in air and on the normal skin. In pathologic materials 
it occurs in tetrad arrangement and may be surrounded by a thick halo- 
like capsule. It grows on the usual culture media, often producing more 


The organism is feebly pathogenic for guinea pigs and white mice. 
SARCINA 

This genus is defined as follows: "Saprophytes and facultative parasites. 
Division occurs, under favorable conditions, in three planes, producing 
regular packets. Usually Gram-positive. Growth on agar abundant, 
usually with formation of yellow or orange pigment. Dextrose broth 
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slightly acid, lactose broth generally neutral. Gelatin frequently liquefied. 
Xitrates may or may not be produced from nitrates.” In Bergey’s Manual 
(1939) Id species are identified including Sarcina lutca which is found in 
air, soil, water and on skin surfaces and Sar. vcntriculi, a characteristic 
organism from the normal stomach contents of man. 

Examination of Clinical Materials for Staphylococci, Gaffkya and Sar- 
cina.— The organisms here considered together— Gram-positive cocci, 
growing readily on most media, and found normally in the air and on the 
skin as well .is in occasional disease conditions may be present in infected 
material from abscesses, carbuncles, boils, pustules, osteomyelitis and 
occasionally in septicemia and even pneumonia and meningitis. Since 
some of these bacteria, especially Staph, albus, are found on the normal 
skin and mucous membranes their presence in a lesion does not necessarily 
incriminate them as the etiological agent for they are common contaminants 
m cultures from open lesions. 

1. Microscopic.— Examine thin films stained by Gram's method for 
morphologically typical organisms. Under favorable conditions Gaffkya 
teiragcua will show encapsulated tetrads and Sarcina lutca will appear in 
twos, fours and cubical packets of eight. Mostly, the staphylococci and 
related micrococci however, will be arranged as single cells, pairs, or in 
groups containing irregular numbers of individuals. They are less apt to 
he found intracellularly in the presence of leucocytes than are gonococci. 

2. Cultural.— Inoculate nutrient agar or blood agar plates with the 
purulent material or in suspected cases of bacteremia make cultures of 
the blood in the usual way. Growth on the plates will be abundant after 
twenty-four hours incubation at 37° C. Pigment may be confirmed by 
spreading a Ioopful of growth on white paper and noting the color of the 
dried organisms or by inoculating suitable media and incubating at room 
temperature. Confirmation of the results obtained by plating or blood 
culture may be made by microscopic examination and by cultural studies 
of sub-cultures. There is no cultural test which has proved entirely satis- 
factory for use in determining the enterotoxin production of Staph, aureus, 
a very important matter in view of the frequency with which staphylococcus 
food poisoning occurs and the desirability for determining the source of 
such outbreaks. 

3. Animal Inoculations.— Animal inoculation may be undertaken with 
cultures of staphylococci suspected of causing food poisoning. The animal 
of first choice for the demonstration of enterotoxin is, according to Hopkins 
and Poland, the suckling pig. Since this test animal may not be easy to 
procure the improved cat test of Hammon may be described. This test 
consists in the intravenous injection into a healthy adult cat of 0.5 cc. 
to 5.0 cc. of the filtrate presumed to contain the staphylococcus toxin. 
This toxin should previously be heated in a boiling water bath for thirty 
minutes to destroy the lethal factor or factors it may contain. The same 
cat may be used for two or even three tests but at each succeeding test a 
larger volume of suspected toxin must be given. One should not accept 
as final the result of a negative test unless repeated on at least two pre- 
viously unused animals in a minimum dose of 3 cc. Vomiting is the specific 
positive reaction in the cat which intravenous injection of staphylococcus 
enterotoxin calls forth. There wiU usually be other signs and symptoms 
but vomiting only can be accepted as specific. If the cat has been offered 

29 
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and takes a moderate meal before the test is done the effectiveness of the 
vomiting stimulus is increased and the fact that the cat ate readily is an 
indication of its health. Feline epizootic panleucopenia is a common 
infectious disease of cats, producing vomiting and diarrhea hence it is 
quite important that the cats used be healthy. 

4. Serological— Extensive immunological studies have been carried out 
on staphylococci but there are no groupings or typings or other identifica- 
tions to be made by such methods for staphylococci and related micrococci 
at the present time. 

5. Confirmatory Tests.— Coagulate Test.— A. fully virulent freshly isolated 
staphylococcus has several characteristics such as golden-brown pigmenta- 
tion, hemolytic activity and the ability to readily liquefy gelatin and 
ferment mannitol. The production of coagulase, is, however, reckoned by 
many workers as the most important single biological characteristic of a 
virulent staphylococcus. The coagulase test is carried out as follows: 

Diluted plasma (1 part plasma, 4 parts normal saline) is distributed in 
0.5 cc. quantity in a small tube for each test to be made. One-half cc. 
of a twenty-four hour broth culture or a small loopful of growth obtained 
from agar is added to and mixed with the diluted plasma. The tube, or 
tubes, is placed in the 37° C. water bath and examined at fifteen to thirty- 
minute intervals for evidence of clotting. A clot usually forms within two 
hours if the organism added is coagulase positive- Plasma for use in this 
test may be obtained either from human or rabbit source and may be 
preserved in the lyophilized state. 

VIBRIO 

Organisms of the genus Vibrio are described thus: "Cells short, bent 
rods, rigid, single or united into spirals. Motile by means of a single (or 
rarely two or three) polar flagellum, which is usually relatively short. 
Many species liquefy gelatin and are active ammonifiers. Aerobic, faculta- 
tive anaerobic. Xo endospores formed. Usually Gram-negative. Water 
forms; a few are parasites." . 

The genus Vibrio contains 21 acceptably described species and Bogey 
further lists 33 inadequately described species which have been mentioned 
in the literature. In addition to occurring as harmless saprophytes in 
water, soil, cheese, hay infusion and rotted stable manure certain species 
of the genu 3 are found in abortion in cattle, insect diseases, chronic endo- 
metritis, infections of fish and frogs, sputum, and fatal infections of fouls 
and birds. It must again be emphasized that a distinction is to be made 
between “being found in a disease condition" and being the etiological 
agent of a disease. The genus Vibrio, however, does contribute one species 
(the type species), riz., V. comma, of undoubted and dramatic etiological 
significance as the cause of Asiatic cholera. 

Vibrio Comma 


OC< 

isma mav cranuW, and plain poorly. Involution forms niuner- 
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5I0 polar flagellum. Gram-negative, non- 


low con\cx, translucent, grayish-yellow, 
surface, and an entire edge. They are bu 
easily emulsifiable. 



Hours al 37 0 C.— Abundant growth. 
. zone of alpha or beta hemolysis. 

_ -four Hours at 37° C.— Large, smooth, 

round, grayish, transparent colonies. 

' . growth, confluent top, 

■ liform or napiform lique- 
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s Strum. Ten Days at 37° C.— Good growth with partial liquefaction. 
Potato. Seien Days ai 37 C . — -Good confluent, brownish growth with glistening 
surface. ® 


ature 37° C , limits 16° to 
6.4 to 9.6. Growth favored 

i » - -» — — w peptone water. No soluble 

hemolysin formed for sheep or goat cells. Proteolytic and diastatic ferments 
secreted. 


at out tom, not coagulated, but is slowly peptoniied. Indol +; cholera red 
reaction +; M. R.— ; V. P.— ; nitrates reduced; XH, -f » H:S + in fourteen dajs; 
catalase + ; XI. B. reductase +. 

Serological .— Strains of cholera and cbolera-hke vibrios which possess general 
chemical similarity, have, in the smooth state, a common H antigen. The O antigen 
exists in different immunological form in different strain® at Jps«f e* T *”b 


• * ' uvuiuiUklduii! 

by the Pfeiffer test; also precipitins and agglutinins. 

Pathogen icily. — C * • • 


Examination of Clinical Materials.— Vibrio comma may be isolated from 
the stools of cases or carriers and at times from contaminated water or 
foods. The feces may be collected as for other bacteriological examinations, 
selecting if possible,' in the case of a patient, a portion of the “rice-water" 
stool. In the case of a carrier survey of healthy persons specimens may 
have to be obtained through the use of saline cathartics, particularly when 
it is necessary to detain a ship or a caravan coming from an area where 
cholera is occurring. No glycerol or other preservative is added to the 
fecal specimen. Where water is to be examined collect I liter of surface 
water in a sterile flask. 

1. Microscopic.— The microscopic examination of the stool may be of 
great value in making a presumptive diagnosis in suspected cases, but is 
of no use in the examination of carriers. Smears are made of a flake of 
mucus from the stools, which in a typical case, has the well-known “rice- 
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water” character. Stain by Gram's method and with dilute carbolfuchsiu. 
If typical Gram-negative, comma-shaped organisms are present, examine 
a hanging-drop preparation. If large numbers of typical, actively motile 
vibrios arc found, a preliminary report may be made. In preparations from 
intestinal contents the vibrios are often “arranged like fish in a stream." 
However, this tentative diagnosis must be confirmed by cultural and 
serological examinations. 

2. Cultural.— (a) /'Vcm.— S pecimens of feces from suspected cases or 
carriers should be planted, using two or more loopfuls of intestinal mucus 
or liquid feces with the least possible delay and incubated at 37° C. Use: 

(1) Alkaline peptone water, pH 8.0 to S.J. 

(2) Alkaline nutrient agar, pll 8.0 to S.4, or 

(3) Dicudonue’s agar. 

After six to eight hours at 37° C., examine hanging-drop and stained 
film preparations made from the surface growth of peptone water. Pre- 
sumptive diagnosis is obtained if the preparations show actively motile. 
Grain-negative vibrios in large numbers. Further confirmation by culture 
and serology must be made. 

(6) IVater.— Water under test is placed in 100-cc. amounts in sterile 
flasks to each of which are added 10 cc. of 10 per cent peptone water. After 
six to twelve hours incubation at 37° C. a portion of the surface growth is 
transferred to fresh tubes of alkaline (>eptone water and plated out on 
alkaline nutrient agar or to Dieudonne’s agar. 

Linton states that the main emphasis in recent cholera research has 
been to differentiate between pathogenic and jion-pathogenic forms. lie 
would accept as an authentic cholera organism a Grain-negative, actively 
motile vibrio which fermented mannose and sucrose but not arabinose, 
w inch failed to hemolv ze goat's red blood cells and w hicli agglutinated w ith 
0— group I serum. While the demonstration of gelatin liquefaction and a 
positive “cholcra-red" reaction are confirmative they are not specific. A 
hemolytic strain giving the above reaction would throw a culture into the 
disputed!}’ pathogenic "El Tor" group. 

Cultural confirmation, therefore, consists in obtaining a pure culture 
from presumptive, or subsequent platci, and planting it on a slant from 
which material may be taken for the fermentation and hrmol} sii tests 
indicated and for serological confirmation. 

3. Serological.— («) Presumptive Ttsl.~- Dijtosit, near one end of a slide, 
a drop of agglutinating serum of a dilution of 1 to 200 (litre not less than 
! to 1000) and near the other end a drop of -aline; also place a third drop 
consisting of normal serum (diluted l to 10) near center of the slide ns a 
control. Then tomh the su*|>ectcd surface growth with jx*int of the in<»cu- 
kiting needle and mb up in the drop of saline solution; flame the |»oint, 
again touch the surface jhIHc’c with the |*oint and mb it in the drop of 
scrum dilution; flame the |wint of the platinum needle again and add 
Lacuna to the scrum control in the same manner. Agglutination will 
almost instantly appear in the antiiholcra nniiii (if cholera). The drop* 
may Ik? allowed" to dry: thin fix and stain; if agglutination baa taken place, 
it will lie i valent, in tbe stained specimen, to tbe naked eve or on slight 
magnification with the hand lent. 

(6) ten/fn iciury Tot.~\ solicited Uii-ria i=.u culture may I < con- 
firmed Serologically b\ i:u< ro^-vpic mU-agglutinatum n.ctb.*l> using as 
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antibody an "O-group I” serum in indicated dilution. A common "H” 
antigen is found for all vibrios biochemically similar to the true Vibrio 
comma. This is heat-labile whereas the six (or more) "O’' antigens are 
heat-stable. Agglutinating sera are, therefore, prepared against heated 
strains of the respective group types. 

4. Animal Inoculation. — Vibrio comma produces a fatal peritonitis within 
twenty-four hours when a loopful of living culture emulsified in 1 ec. of 
broth is injected intraperitoneally into a guinea pig. It produces only 
slight reaction wiien injected intramuscularly into a pigeon. On the other 
hand V. mctchnikori is rapidly fatal for botli pigeons and guinea pigs. 
Although non-pathogcnic for man this vibrio is far more invasive for 
animals than is V. comma and, since it closely resembles Koch's "comma- 
bacillus” biochemically, situations might arise in which the pigeon test 
could be most helpful. V. protcus, V. tyrogenus and V. strict us are species 
which have some guinea pig pathogenicity but they differ biochemically 
from V. comma to such an extent (dextrose and sucrose negative, indol 
negative) that confusion should not occur besides which only V . vroteus 
is found in the intestine. 

Pfeiffer’s reaction, the demonstration of in riro bacteriolysis, carried out 
by injecting cholera vibrios and specific antiserum into the peritoneal 
cavity of a guinea pig and observing the resultant peritoneal exudate for 
the destruction of the injected organisms, is a reaction of great historical 
interest, but of only incidental practical value. 

PSEUDOMONAS 

The organisms of this genus are defined as “principally water and soil 
bacteria producing a water-soluble pigment which diffuses through the 
medium as green, blue or yellowish-green. Motile or non-motile. Gram- 
negative.” 

There are 31 species of which the only member of much importance to 
human medicine is Pseudomonas xruginosa, also known as Bacillus 
pyocyaneus. In addition to its occasional presence in suppuration, the 
pus of which in contact with the surface dressings assumes a ‘‘blue-green” 
color, the organism, or its relatives, may occasion trouble in technical 
procedures through persistence in growing out in mixtures inoculated on 
plates or in tubes often effecting the masking of the organism really sought. 
Careful plating and colony picking and the incorporation of lithium 
chloride or potassium tellurite in a medium are aids in handling such a 
problem. Ps. xrvginosa is also frequently found in diarrhea and genera! 
infections in infants. 

Pseudomonas Alrugmosa 

Habitat. — Widely distributed in nature, frequently found on the healthy skin of 
man in the feces of manj* animals, in water contaminated by animal or human 
material, in purulent discharges and in serous wound secretions. _ 

Morphology .— Rods 0.5 to 0.6 m w-ide by 1.5 to 3 0 *» long, axis straight, ends 
rounded, sides parallel, occumng singly, in pairs or in short chains. Motile, pcs- 
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moist agar surface must also be emphasized. 

■ ' — Moderate filiform grow th to the hot- 

which may be rapid or slow*, the fluid 
. color. Later, the upper 1 to 2 cm. are 

id is turbid, yellowish-green, and may 
>, , ... „ . -- occur around the filiform growth. 


for production of fluorescent pigment. 

Biochemical. — Acid, no gas in glucose. Indol — as a rule, occasionally +. 
M. il. — ; V. P.— ; nitrate reduction — ; H>S +; NIL production +; catalase + ; 
M. IL reduced; starch diastase Litmus milk may show a slight preliminary 
dot, but shows complete peptonization and dccolonzation in five days at 30° C , 
the milk often turning green. 

Scrtilogy.— Unexplored. 

. . . ■ ’ general 

• ■ : . ■ i\cs n*e 

Examination of Clinical Materials.— Follow the procedure outlined 
under Staphylococci for the isolation of Pseudomonas .xruginosa from 
infected material and identify the organism according to the reactions 
indicated al>o\e. 

PASTEURELLA 

The genus Paslcurclla is deseriiicd as "muuII, Gram-negative, ovoid to 
elongated rods showing hi|K>Ur staining hv sjiectal methods aerobic, 
facultative; require low oxidation-reduction jKdential on primary isolation; 
[lowers of carbohydrate fcmicntation slight; no lactose ftnncntarion; no 
gas production; gelatin not liipuTictl; milk not coagulated; parasitic cm 
man, other mammals and birds." 

Key to the Species of Genus Pasteurcllx 
I. Growth on ordinary* media; growth in milk. 

A. Noil-motile and ium-li.igril.ttcd at IS 9 to *Jo° (!. No change or 
slight acid in milk withont dot. 

1. Indol and IfjS producvil. N*o growth in bile. Sorbitol hr* 
nit'iitcd. 

(1) Disease in binL and fowls -PattrurrlU nrirhU. 

<2) l>i*<4*<* in rats and mice — Pasteur*!!* r.xuricUa. 

(.1) J >i v a t hi rabbit » — Pasteurella a. >i u-ulidJa. 

(1) hi^an* in swine — PifUurtllt suiUa. 

{•*>) I>i'<4s** in cattle and ilnr-/’*».'i jnih t<Vin,vri. 

2. Neither indol n*>r II»S [induced. (inuiliinlulr. Sabitol t.*>t 
b nm ntol. 

(*») I>isca-*e in rodents and man — P,uki.u!I* 
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B. Motile and flagellated at 18° to 20° C. Milk alkaline. II 2 S pro- 
duced. Indol not produced. 

(7) Disease in rabbits and rats — Pasfeurella pseudotubercu- 
losis. 

II. No growth on ordinary media; no growth in milk. 

(8) Cause of Tularemia— Pasfeurella tularensis. 



The genus Pasfeurella is one of the few in which all described species are 
pathogenic. From the standpoint of veterinary medicine this is one of the 
most important groups of bacteria and the two species causing human 
disease are not without considerable significance. It is common to char* 
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actcrizc the PasteureUa as “the bipolar-staining organisms of the well 
known hemorrhagic septicemia group/ 1 


PasteureUa Pestis 

Habitat .-' Primarily a parasite of rats; also other rodents, especially the marmot 

mded 

> or in 

■ s and 

. ; and 

-bell, 
otile; 
i the 

colorless, finely granular, umbonatc colonics, with an entire or slightly undulate 
edge. Alter five days incubation at 
etcr, v, ith a raised, nearly opaque, , 

translucent, grayish-w bite penphe . . ... 

emulsified. 

Blood Agar Plate (Horse). Forty-eight Hours at 37 ° (7.— -Colonies sunilar to those 
on agar, but show less tendency to differentiation and peripheral spread. No 
hemolysis. 

Glycerol Agar .— Grow th rapid, forming grayish-white colonies, 

Geiatin Stab Snrv Da *** at «?7 ° C — ftiwi filiform imw th, confluent at top, 

< es sending out little 

. 5 mm. in diameter, 


sep 
in 1 ^ 

gro 

ten 

to 8.2. No hemolysin produced. 


is infectious for white 
and monkeys. Large 
. sparrows, are resistant. 

. re is a local edema fol- 

nds, and a generalized 
ilarged and surrounded 

by hemorrhagic exudate, congestion of spleen and liver which may show small 
grayish necrotic areas; bacilli are found in the local lesions, bubo, internal organs, 
especially the spleen, and blood. 
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Transmission .— Plague Is transmitted to mao primarily by the bites of infected 
rat fleas, Xenopsylla cheopis, Ceratophyllu a fasdaius, etc. However, the organism 
may also gam entrance into the body by contact with the abraded skin, through 
wounds or abrasions, and the respiratory tract, 

I. E x a mina tion of Clinical Materials. — Evidence of infection with the 
plague bacillus in man or in rodents may be demonstrated by microscopic, 
cultural and serological examination of pathological materials and by 
inoculation of those materials into suitable test animals. 

1. Collection of Specimens.— (a) From Patients .— Early in the disease a 
small vesicle may be found at the point of the infective flea bite and plague 
bacilli may be demonstrated in the fluid from such a vesicle. The bubo 
which usually appears in the inguinal region should be aspirated and the 
fluid or pus examined for plague bacilli. In mild or chronic cases the bubo 
may be hard and difficult to aspirate and in such cases may be excised. 
At times the organisms occur in the blood but the period of septicemia 
varies. The plague bacilli are not found in human feces and only occa- 
sionally in the urine. In the dangerous pneumonic form of plague the 
sputum should be examined. 

(6) From Cadavers .— Collect portions of bubo, spleen and lung and 
make microscopic, cultural and guinea pig inoculation tests. In frozen 
cadavers, plague bacilli have been isolated from buboes up to one hundred 
and two days. 

(c) Rodents .—' The entire carcass is used for examination. If infected 
animals or other plague materials are to be sent to a distant laboratory 
the specimens must be placed without any preservative in a tightly sealed 
container (fruit preserving jar, for instance), which is packed in a second 
container to avoid breakage and escape of the content. The package should 
be marked: "Perishable— For Bacteriological Examination. Please Expe- 
dite'’ and must be shipped by express as Federal laws prohibit the shipment 
of plague-infected materials by mail. Decomposition may be avoided by 
surrounding the specimen container with ice or solid CO» (dry ice). 

2. Microscopic.— Make smear preparations from the lesions or internal 
organs (spleen, particularly) and stain by Gram’s and Wright’s methods 
and with methylene blue or dilute fuchsin. Wayson's stain, which is a 
phenol fuchsin-methylene blue in alcohol and water, is particularly recom- 
mended for demonstration of bipolar morphology. If typical Gram- 
negative, short ovoid polar-staining bacilli are found, many of which are 
degenerated or poorly stained, these may be considered as suggestive, but 
not conclusive evidence of infection with Past, pcstis. Rodents, particularly, 
may be infected with related Pasteurella which are morphologically similar 
to Past, pcstis; hence the finding of characteristic bacilli must be con- 
firmed by cultural, serological and animal inoculation tests. 

3. Cultural.— Inoculate the surface of blood agar, glycerol agar and 
3 per cent sodium chloride agar plates with a portion of the suspected 
specimen. Blood should be cultured in broth before plating, however in 
the terminal stages of both the bubonic and pneumonic types, the bacilli 
often are present in large numbers in the blood. After incubation at 
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•1. Serological.— (a) Precipitin Tat .— This test is sometimes used in 
making a rapid presumptive diagnosis on decayed tissues. One part of 
the finely divided tissue is mixed with 5 to 10 parts of distilled water, 
hoiled for fi\e minutes and filtered repeatedly through paper or asbestos 
wool under pressure until clear. Test this antigen with specific immune 
serum in a small tube. A positive reaction shows a precipitate in five 
minutes at 3? a C., increasing to a maximum alter two hours. A negative 
reaction may not be conclusive. 

(fc) Agglutination Test.— Past, pestis in salt solution has a tendency to 
agglutinate spontaneously, hence the macroscopic method of agglutination 
is preferred to a microscopic slide method. The test is of greatest value in 
identifying suspect cultures, positive titre being interpreted in comparison 
with the litre of the same scrum tested with a known plague antigen. The 
test is of little \aluc as applied to the scrum of a patient for agglutinins 
do not appear in plague patients until about the ninth day of illness. To 
carry out the test prepare a suspension of a joung agar culture in normal 
saline, allow to stand for a few* minutes then use only the cv enlv turhid 
supernatant portion of the suspension. IJigh-titre agglutinating antisera, 
prepared in horses, arc generally used to identify the cultures. A scries of 
tubes is set up of antibody dilutions to each of which the antigen is added. 
Salt solution and normal scrum controls should be included. 

3. Animal Inoculation.— Animals should be freed of all ecto-parosites, 
prior to use, by dipping in an antiseptic solution. They are then placed in 
glass jars covered with fine medi gauze to prevent access or escape of any 
infected or potentially infected insect vectors. Further precaution directed 
toward the Mine end is to grease the upper inner surface of the jar. When 
handling animals, living or dead, in plague work, protect the hands and 
arms by wearing rubber gloves and long-slccvcd gown. 

Inoculate guinea pigs or mice sutautancously with a small amount of 
the original sjjcciinen, or with a loopful of susjHXtcd culture. If Past. ]*sti.i 
is present, the animals will develop characteristic lesions and die in two 
to five days with characteristic postmortem appearance. Cultures of the 
plague bacillus may !>o isolates! from the lesions and from bone-marrow. 

SjHX'imens which have undergone putrefaction may Ik* applied to the 
frtshly shaven abdomen of a guinea pig. The plague bacillus (also Past, 
tularaish ) can penetrate the abraded skin whereas contaminants cannot. 

||. Diagnosis of Plague in Rodents.— The diagnosis of natural infection 
in rodents is a wry important aspect of public health bacteriology. It 
may be made macro scopiealiy, although occasionally the tli'case may 
msur without recognizable lesions. The presence of a 1 >u1k» i» probably 
the most important single indication. In the early stage the gland is 
enlarged, congested, and on sect ion shows hemorrhagic jioints. When the 
dinaM.* is fully del clo|x.-d the glam! contains an aria of gray nwro-i* which 
m.iv or may not l*e confined to the medulla. The liver is mottled, re»! ami 
vdiovv, with small punctate hi monhagr sand pinj-o’mt grayidi or vcllowidi 
v|*»ts ,juc to fatty ms rods. The spleen may l< enlarged, is firm, and may 
dims ‘null di'srxtc or continent granules on the surfaie. 1’Uural and 
jh ritnnral surfaces are injected and the cavities contain aU « Xit-c of fhnd. 
The must imi*>rtanl diagnostic dgn> of plague are: fl) Lul*>; (-*) «.!»- 
(Utamous and general congestion; (3) granular liver; (l) iw.^rtol spleen; 
and (•’*) phural itfudon. Mim*M»*pi«ally, |.a«iUt arc found in the *1 **, 
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spleen and blood. Cultures may be made from these sources and studied 
by the methods outlined above under examination of clinical materials. 

It must be remembered that rodents are also susceptible to several 
other natural infections which may be confused with plague. Among these 
diseases are those caused by Past, muricida, Past, pseudotuberculosis, Past, 
tularensis and Trypanosoma lexcisii. The trypanosomal infection can of 
course be differentiated by microscopic study of the blood. In the case 
of the species of Pasteurclla differentiation may be more difficult. Past, 
muricida produces indol and Past. 

hour broth cultures at 22° C., botl ■ ' ' . . , . . 

case of the plague bacillus. Past. ■ L 

as do the other Pasieurella. For detailed discussion of the “hemorrhagic 
septicemia” diseases which do not affect man see “Manual of Veterinary 
Bacteriology” by Kclser and Schocning, Fourth Edition, 1 943, Williams 
und Wilkins Company, Baltimore. 


Pasteurella Tularensis 

Habitat.— Primarily a disease of rodents but found to occur in a wide variety of 
wild and domestic animals and in man to whom it is transmitted by the bite of the 
deer-fly, Chrysops discalis, the tick, Dermacenlor andcrsoni and other biting insects 
and by direct contact with infected animals as in the case of hunters and market 
people. The disease has been reported from all states of the Union and from the 
District of Columbia. It also occurs in many other parts of the world. Known by 
such names as “deer-fly fever” and “rabbit-fever.” 

Morphology.— Small, Gram-negative, non-motile, non-sporulating rods about 
0.2 p in thickness and from 0-3 to 0 7 p in length, usually occurring singly. Pleo- 
. :lear area giving 

. lesions or when 

. ■ _ alet. 


Resistance. — Fairly susceptible to inimical agencies. Killed by moist heat at 
55° to 60® C. in ten minutes. 

Metabolism. — Optimum temperature 37° C. Optimum pH range bo to /.3. 
Grows well on coagulated egg and serum -dextrose-cystine agar; also on dextrose 
blood agar, dextrose serum agar, and blood agar slants, provided a Piece of fresh, 
sterile rabbit’s spleen is rubbed over the surface, and then left in the water of 
condensation. . ... , , , . , 


Tularentis antiserum' also agglutinates Br. meldcnsis and Br abortus to about 
| or | of its titre; however, these organisms are unable to absorb agglutinins from 
a specific tularensis serum. 

in 



McAlpine and Brigham state that in 17 laboratories there have been 53 such 
accidents. 


PASTEUltELLA 


■m 


I. Examination of Clinical Materials.— McAJpinc and Brigham state 
that three methods are available for the laboratory diagnosis of tularemia 
and list the agglutination test, culture and intracutaneous teats as the 
final tests to be used. They emphasize the extreme infcctivity of virulent 
strains of Past, tularensis for laboratory workers, a characteristic also 
possessed by the genus Hntcdla, which incidentally has some serological 
relationship to Past. tularin sis. 

1. Microscopic.— Prepare films from the pathological specimen and 
examine for small Gram-negative, non-inotile rods which may appear to 
he surrounded by a capsule and which are pleomorphic rods or cocci. 
Gicinsa stain gives the best results with tissue preparations. While not 
too much can he hojicd for from a microscopic examination of materials 
in this disease it is n good place in which to point out that microscopic 
examination of available materials is always indicated. It can lie carried 
out while cultures are incubating or other tests are under way and it may 
produce jKidtive or negative evidence of value if not finality. Thus, in 
the case of suspected tularemia, materials should also he stained hv the 
Ziehl-Xeclscn method to rule out the jiossihilitv of infection with Sfyco. 
tuberculosis, particularly in the case of an animal, naturally or experi- 
mentally infected. 

‘J. Cultural. “-Occasionally Past, tularensis may he isolated dircxtlv from 
a human case by culturing infected tissues or fluids on a suitable medium. 
It U considered better procedure, however, to inject the inoculum into 
guinea pigs, rabbits or white mice— preferably guinea pigs. Culture Media 
may then he inoculated from the animals u-cd after dispatching them 
with ether when death is ini|>cnding. The animal thus serves in part as an 
'‘enrichment medium," although as will he seen its puthologv serves ti* 
establish the diagnosis. Material for rulture, from whatever sourer, is 
mix ulat is 1 onto btood-dcxtrose-cvatinc agar and incubated ut .‘17 s After 
three to five davs it is usually puvihle to find characteristic colonies in a 
jmsitive ran*, but a tulie or plate should not l>e considered negative until 
incubated for at least t went wine davs. Blood agar plates should also lx? 
inoculated with the original material in order to detect any otlur palhogt nie 
organisms wJm h may In* present. 

Animal Inoculation. — The following material m.iv J«r u -*-»l for the 
inoculation of animals: 

(<i> Hctrifiou from tile sites of ||\ or tick hitr*. 

(/») ringer lesion exudate. 

(r) ( ’onjillH fiv.d exudate 
<«f) Pleural tirusioti. 
to riritom.d or spinal iluid». 

(fj I'licunioiiie *pntnm 

(^) Suppurating glands of a patient w it hill the first Month of ilh.es*. 

(ft) Sj Milled 'ph-rti or fivrr of infix tnl animal. 

(t*) llli «•!. . Ira an in the lir*t wtek of illor-s. at ha«t Ufotr the t*r!flh 
this (The bio**! is drawn, ilifiltuuttsl and d.lutcd I to 1 with *al.:.r i 
0) I'ara'itt *, »«i«h as tick', '’J jxxtnl of tarrvitg the i:.fc\ta.*j. 

The materials have of o..ire to l«c pn-jx-rly prepared f< r n ml*' 

the guinea p*g. This tan i< done f.y grinding in a !:-.-ftar with v-ht-e aid 
straining tkh ,gh ga'irr. bw-.witg which a « .U-.«a'as-.» :i «d 

the ’ fdUatr" is made. In ti e t a‘<* «/ ti f *1 1 def.f t.: altd I ! « -I ti t 
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injection is intraperitoneal and from 4 or. to 8 co. ar e injected. Where it 

t one guinea p’g may be 
' • * e material on the freshly 

As a rule if Past, tularemia is present the inoculated animals will die in 
live to ten days. The characteristic lesions which should be looked for are 
hemorrhagic edema, but no pus at the site of inoculation; generally there 
are cervical, axillary or inguinal buboes, the glands being enlarged and 
filled with dry yellow caseous material; small white foci of necrosis of 
variable size in an enlarged dark spleen and liver; whereas the lung 3 are 
rarely involved. Smears made from these organs may not show Past, 
tularemia hence decision must be based on further studies of culture and 


to tne living organism and should not be placed in the same container 
with other organs. 

4. Serology.— There arc several immunological procedures to be con- 
sidered in the diagnosis of tularemia. 

(a) The Agglutination Test.— This test makes use of patient’s serum 

and a known strain of Past, tularemia. Because of the high invasive power 
of this organism it is well to use a known avirulent strain such as Strain 
No. 38 distributed by the National Institute of Health. The test involves 
a series of serially diluted tubes of patient's serum to each of which a 
suspension of the known Past, tularemia is added. The tubes are agitated 
to effect mixture and incubated in the water bath at 45° to 55° C. for 
twelve to eighteen hours. Agglutination of Past, tularemia by scrums in 
dilution of 1 to 80 or higher is considered diagnostic of tularemia, provided 
there is no cross agglutination with Brucella. Agglutinins appear in the 
patient’s blood after the first week of the disease and usually increase 
rapidly and persist for a long time. If the serum under test is from a case 
of tularemia, the tularensis antigen will be agglutinated earlier and in 
more highly diluted serum than will the abortus antigen. If the serum is 
from a case of undulant fever the reverse may occur. The agglutination 
test may also be used to identify a pure culture suspected of being Past, 
tularensis by using suspensions of the culture under study and a known 
tularensis serum of determined titre. The workers should remember that 
freshly isolated Pasteurclla species are dangerous to handle because of 
their very high invasive power. . . . 

(b) The Bacterial Skin Tcst.-ln this test one injects into the skm of 
the flexor surface of the forearm enough of the antigen to make a skin 
wheal half a centimeter in diameter. The reaction does not usually appear 
until the thirty-sixth hour, hence readings are not made until forty-eight 
hours after injection. “A positive reaction resembles a positive tuberculin 
test— central, elevated, edematous indurations of about 1 cm. in diameter 
surrounded by an areola of erythema about 2 to 3.5 cm. in diameter. The 
size varies during the early stage of the disease, but after the eighth day 
the reactions are almost always of the size indicated.” The antigen used 
is a polyvalent one prepared from at least six different strains by the 
special methods of Foshay who has pioneered in this aspect of serological 
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diagnosis. The test is still in the experimental stage but materials for it 
can be obtained from Dr. Foshay. 

(c) The Specific Antiserum Inlradcrmal Test .— This test is carried out 
with goat anti-tularensis serum diluted 1 to 10. Inject 0.1 cc. of this 
scrum intradernially. According to Foshay the reaction, which is an 
erythematous-edematous response, usually appears promptly within two 
to four minutes, though sometimes delayed untii ten to eleven minutes, 
and at the end of twenty minutes is 3 to 5 cm. in diameter and may be 
larger. It reaches its maximum in twenty-five minutes and then begins to 
fade. Like the bacterial intradcrmal test it is not always positive during 
the first few days of the disease. A control injection should be made using 
normal goat serum. 

II. Examination of Rodents and Insects.— Rabbits or other rodents 
should be examined for the characteristic enlarged caseous glands, for 
white caseous nodules in the liver and spleen and for the other typical 
signs of Past, tularcnsis infection. The organisms may be identified by the 
procedures outlined for the examination of specimens from human cases. 
Specimens of flics, ticks or other insects suspected as transmitting agents 
may he examined by macerating them in a small mortar with saline and 
injecting the strained suspended material into a guinea pig. 

III. Differentiation of Tularemia from Plague.— Tularemia is character- 
ised by: (1) absence of pus at the site of inoculation in animals, (2) greater 
variability in site of the granules in the spleen, (3) rare lung involvement, 
(1) failure of the organisms to grow on ordinary culture media, and (5) 
specific agglutination reactions. 


HEMOPHILUS 

The genus Hemophilus is described thus: “Minute rod-shaped cells 
sometimes thread forming and pleomorphic. Xon-motilc. Strict parasites 
growing best (or only) in the presence of hemoglobin and in general requir- 
ing blood scrum, ascitic fluid, or certain growth accessory substances. 
Gram-negative.’' 


Key to the Species of Genus Hemophilus 

1. Affecting the respiratory tract. 1. Hemophilus infiuenzx. 

2. Hemophilus suis. 

3. Hemophilus hemolyticus. 

4. Hemophilus jtaraiufiucnzx. 

5. Hemophilia pertussis. 

II. Affecting the conjunctiva. 0. Hemophilus duplex. 

III. Affecting the genital region. 7. Hemophilus ducreyi. 

S. Hemophilia hxmogloLitiaphitus. 
Where the relationship to growth accessory factors is known, the fol- 
lowing summary may serve us a key: 

Gfvatfc in 
lltnitu 

IIrnu>l'hJu* i n/tumSM — 

UtmcS&C im n.U — 

Hrt+cj’Kwi + 

• Tl.« bO.tr <U nut O,* »Kv»*>ry t,r 0^.r 
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Hemophilus Influenzas 

//aiiia/.— Found in the respirator}’ tract of man and once suspected as the 
cause of influenza. 

Morphology. —Very . j 

0 5 to 2 p in length. . _ ; 

chains and in threads.. ’■ u ^ . „ 

with dilute carbolfuchsin or Giemsa stain. According to some°observers the bacdius 
in its virulent smooth form is capsulated. 

Bloo . ' . ... , . 

37° C. 


species and speak of the non-hcmolytic and the hemolytic \arieties of the influenza 
bacillus. 

Chocolale Agar. Tuenty-four Hours at 37° C. — Colonies similar to those on blood 
agar, but larger and much more profuse. 

—Circular, translucent, 
• * * The surface is usually 

, o 1 , . - _ne central granulation. 

Blood Broth. T trail y-f our Hours at 37° C.— Slightly turbid. No hemolysis. 

Resistance.— Very sensitive to drying. Die rapidly in tap water. In dried sputum, 
vitality is retained from twelve to forty-eight hours. Hem. influenzx is somewhat 
less resistant to heat than most other bacterial species, being killed in thirty minutes 
by exposure to a temperature of 50° to 55° C. 

’* robe. Optimum temperature 37° C., 


factor. Subcultures on plain agar, scrum or ascites agar, gelatin, potato or mdk 
fail to grow. 

Biochemical Reactions— Hem. influenzx has no proteolytic action. Reactions on 
carbohydrates are variable, requiring special!}’ prepared media. Most strains pro- 
duce acid in Ievulose, galactose, dextrose, while only a small per cent ferment 
maltose, saccharose and dextrin. All strains negative on mannitol and lactose. 
Indol formed by some strains. Nitrates reduced to nitrites. 

Serology. —Hem. influenzx belongs to a heterogeneous antigenic group, making 


There is no true toxin, but an endotoxin is produced. 

t 


Hemophilus Hemolyticus 

As indicated abo\ e this non-pathogenic organism is \ ery similar to the 
influenza bacillus and considered by some as merely a variety. It has 
much practical significance because it is very* apt to be confused with 
Strep, hemolyticus in superficial studies of throat floras in which locale 
it is very much at home. Microscopic examination will of course reveal 
it to be a Gram-negative rod and not a Gram-positive coccus but on blood 
agar its colony and hemolysis simulate those of the Streptococcus. 
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Hemophilus Conjuactivitidis 

The organism, from the conjunctiva (pink eye) de'crilx.sl hy Koch ami 
f»y Weeks ami known as the Kucli-Wccks bacillus was for a time de.’Crilx-d 
in the literature as Jinn. ctnijunctiritiili*. It is now thought that 
it shouht he considered as a variety of Jinn, injhicnzr. If the condi- 
tion. “pink eye,” is due to a variety of II an , injluenzx there must be 
factors of host resistance or pathogen epevtticity as vet unknown since 
this tv pc of conjunctivitis is not very common whereas the influenza 
bacillus is frequently found in the na.sopharynginl region and at times is 
quite prevalent. 

Hemophilus Duplex 

Ilrmtiphilua du\,lcx was earlier known as Hem. Licutmius It is the 
Morax-Axeiifcld bacillus found in Mii»<uiitc conjunctivitis. It requires 
mitbcT the “V" nor the "X" factor and hence is not strictly speaking. a 
“In mophilie’* organism. 

Hemophilus Suis 

This organ! ->m clo-dy rc^mhlcs the influenza bacillus exupt that it is 
rdativcly inert biodieinirally and differs inmmnolngirally . In association 
with a virus it is causally nw« iated witli swine influenza. 

Hemophilus Hacmoglobicophilus 

This s| K ru*s is found in the priputial ^irctions of dogs It do <1\ 
resembles Hem. injlumzx except that it n-quinsonly the “X” or la matin 
fat tor for growth. 

Hemophilus Pwainllucnzaj 

The parainllurnra bacillus requires only the **V’* or vru't fai n>r for 
growth and can therefore l»c cultivatM on agar is.ntaining snim or avoirs 
tluid. It is ag iui another form <l"xlv n ambling He i. tntUuntjr It has 
Uni «hfmrsl as ru»n-ln iindytic, but howdy tie strains showing the miup 
nutritive requirements are fouwl. 

Hemophilus Duucjri 

I hurry’s “stn pl«d»*« »Hus” »» u'uvlly li*t«s! in the * l.cw» ph.V' groiji 
but this »s largely ouiveinnuc for thoagb it i» u mts«>( ly grown n 1 !»•*! 
it «!.<•« r.nt >{xt;ii<ally require the "V* *.r the "X” faiti-r* a» ♦...!» '11 r 
otgaiibius, l.’tfi in tn.gth by *> *i in l>M-«dtli, gsl^rallv »b«m a 
linitxul .»t tl r (Habile. Ill the J. it id uhi rath • d.ll « »t . 1*1 hi.', j} r\ 
,-fur *agl>. in pairs, or m 'i-.ill grvq.s. »h.V .n t'Jt i;r t:<\ air dtr » 
m d-air.x a‘.d *«...»«- • t*»'t«d t. g»t!.rf in d*:. *- * At tl.r ; - 

t.. n Utwtrn the l.v.i g a:-I dr- It.- ,r t . f t! •* h i.i.<r ... the*. :A< . ». 
tan t*iUr ii a c*.!t-:r tie. * i . ^ a 'in;* f r«» 

j!,'l s j}‘ «•<*,: *» h : i *!a.:a. P| U-m| ii 1»* ’**f r h .r»tl" 
,\l • ,r* Air ti .rd. d gl.llv U.'.'l, « - ’* ■■ S \!u* 

thrtr i r f-*-r day* . *i a «* g*-t .d } /.. *• % d< •«’;»*.* - I 

ti».» N.-cp:h»s-,,['! fai.-ah hi*tJr..,r Itfif 1 * jy 
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Hemophilus Pertussis 

. This species, accepted as the etiological agent of whooping cough, is 
similar in morphology and staining properties to Hem. influenzas except 
that the bacilli are more unifonn in size and pleomorphism is relatively 
uncommon. Unlike die "true hemophilic” bacteria, however, neither "Y” 
nor "X” factors are required for its growth although when first isolated ' 
these factors favor its growth. At first similar on blood agar to die growth 
of the influenza bacillus its colonies later become larger, more opaque, and 
gravish or white in color and are surrounded by a narrow zone of hazy 
hemolysis. 

On glyccrol-potato-blood agar the colonies of Hem. pertussis are small, 
raised pcarMike colonics which are characteristic and larger and more 
opaque than those of die influenza bacillus. The organism is biochemically 
inactive. It does not form indol, does not reduce nitrates and fails to 
ferment any sugar. Unlike the influenza bacillus, Hem. pertussis is generally 
in die smooth state when isolated from die bodj* on an optimal medium 
and it is immunologically homogeneous. It appears however that a col- 
lection of pertussis strains will reveal several (four, or more) groups, 
commonly called phases. These phases probably do not represent stable 
immunological entities like die types of pneumococci but rather successive 
stages in the “smooth-to-rough” transformation. Phase I (smooth, virulent) 
organisms are used in preparing effective vaccines. Hem. pertussis is con- 
sistently present in whooping^ cough. Its cell substance is toxic upon 
parenteral injection into experimental animals to about the same degree 
as i3 dial of Hem. influenzas. 

Examination of Clinical Materials.— 1. Microscopic.— Make smears from 
freshly collected material and stain by Gram’s method, also with dilute 
carbolfuchsin. Examine for characteristic morphology. Most important 
for the control of cultures obtained from colonies developing on appropriate 
media but also useful in examining pus, sputum, cerebrospinal fluid and 
soft chancre exudate. 

2. Cultural.— The collected materials are planted on the media most 
suitable for the growth of the species suspected. After incubation for 
twenty-four, forty-eight and seventy-two hours, the plates are examined 
for growth characterisrics, including the appearance of the colonies, mor- 
phology and staining characteristics of the bacilli. Final identification 
may include a determination of the accessory' food factor requirement and 
consists in a study of the cultural reactions. It also takes into consideration 
the body site from which the infected material was obtained and the 
symptomatology, if any. .... . 

(a) Hem. ducreyi may be diagnosed by direct cultivation from a chan- 
croidal lesion. The lesion is cleansed with sterile water or saline. Material 
is scraped from the bottom of the ulcer or from beneath its edges with a 
stiff platinum loop. This is planted in the medium (1 cc. rabbit blood 
per small tube, inactivated, after clotting, by heating to 55° C. for fifteen 
minutes) by passing the wire around the clot. After a day’s incubation 
at body temperature the serum around the clot is stirred with a platinum 
loop and a spread made and examined by Gram’s method. Characteristic 
of Gram-negative bacilli, sometimes in pure, sometimes in mixed 
culture will sufficiently identify the organism for practical purposes. An 
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unruptured bubo may be aspirated and material cultured as indicated 
above. 

(6) Hem. pertussis .— The original medium of Bordet and Gengou is 
still used for the isolation of the organism causing whooping cough. The 
“cough plate method 1 ' is preferable to sputum culture and is carried out 
by holding an open Petri dish, containing the potato-glycerol-blood-agar 
medium, in front of the mouth during a cough paroxysm. The plates 
should be incubated in a humid atmosphere at 37° C. and when positive 
usually produce colonies in two days. Plates should, however, not be 
discarded as negative until incubated at least five days. Colonies of Ilcm, 
pertussis are larger, more opaque and whiter than those of the influenza 
bacillus. The Bordet-Gengou medium, as originally made, contained 
50 per cent defibrinated blood. The use of so much blood is impossible in 
large scale w'orkbut is very desirable where it can be supplied. The amount 
of blood has been reduced to as small an amount as lGj per cent (20 cc. 
blood to 100 cc. medium) by some workers who feel that with a proper 
salt balance less blood is needed. The Danish modification using 30 per cent 
blood has given excellent results but with it it is impossible to detect the 
hemolytic zone which is caused by the growth of Hem. pertussis. 

(c) Hem. influenzae .— Many media have been devised for the cultiva- 
tion of the influenza bacillus but the best appears to be heated blood 


of a culture isolated from suspect material considers the source of the 
specimen, hemolytic properties and other cultural characteristics, including 
growth requirements. Thus the failure to grow on a suitable scruin agar 
medium of a non-hcmolytic strain from human source strongly suggests 
the influenza bacillus. 

NOGUCHIA 

A genus, named for Noguchi, the bacteriologist who isolated the type 
species, .W granulosis, of small, slender Gram-ncgati' c rods present in the 
conjunctiva of man and animals affected by a follicular type of disease, 
mucoid type of growth which on first isolation takes place with some 
difficulty in ordinary media; inutile, flagellated, and encapsulated; aerobic 
and facultative anaerobic; optimum temperature for growth 25° to 30° C. 
Noguchi regarded S. granulosis as a cause of trachoma, but subsequent 
research tends toward a filterable virus etiology. Two other sj»ccics, 
,Y. Jim kb and *Y. cuniculi, are recorded from Macacus rhesus monkeys and 
rabbits rcspcctncly. The genus Xuguchia has little medical significance 
but illustrates well the fact that bacterial forms often occur in 'inis infec- 
tions. There is a certain specificity in this phenomenon which jkjscs some 
most interesting questions. 

DIALISTER 

In attempting to work out the etiology of a disease there is often an 
interesting panorama of scientific landmarks not usually recounted in the 
a\ erage textbook. This has bceu particularly true for tuberculous, n philis. 
and ,'cllow fc'tr, for instance. Influenza is now belie' cd to be due to a 
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filterable virus. Until World War I, however, it was believed that Hem. 
influenza, or Pfeiffer's bacillus, was the etiological agent of that disease. 
Evidence accumulated making such an assumption untenable and the 
search for the real agent began anew. In 1921, Olitsky and Gates described 
a tiny Gram-negative, non-raotile obligate anaerobe which they found in 
nasopharyngeal washings from influenza patients in the early hours of the 
disease. The organism was grown under strictly anaerobic conditions in 
media containing fresh, sterile tissue or ascitic fluid. The organisms are 
minute^ rod-shaped cells, occurring singly, in pairs, and short chains. 
These tiny organisms are in the group of “filter-passers.” They are strict 
parasites but the early optimism that here lay the answer to the question 
of what causes influenza was not realized. The genus Dialister contains 
two species D. pnemnosintes and D. granulifomans neither possessing 
more than passing interest. 

ENTEROBACTERIACEa: 

The family Enterohadcriacex is composed of “Gram-negative rods 
widely distributed in nature. Many animal parasites and some plant 
parasites causing blights and soft rots. Grow well on artificial media. All 
species attack carbohydrates forming acid, or acid and visible gas (H: 
present). All produce nitrites from nitrates. When motile, the flagella are 
peritrichous.” It » believed that the more logical treatment of the organ- 
isms of this family is to consider them together for they are closely related 
and it helps in considering the complex problem they present to realize 
this fact. There are 5 tribes containing 9 genera and 103 species. To this 
family of aerobic, non-spore-formers belong the organisms which cause 
typhoid and paratyphoid fever, bacillary dysentery, varieties of food 
poisoning, some summer diarrheas and urinary infections, and probably 
infectious diarrhea of the newborn. One genus, Klebsiella, contains species 
associated with pneumonia and other infections of the respiratory tract. 
The genus Erwinia is mad 
chromogenic water bacteria 

reptiles and fish. Serralia v - « 

most famous of all chiomogenic bacteria because of its historical con- 
nections with “miracles” and its widespread use in laboratories as an 
indicator organism. The genus Proteus contains urea-decoinposing bacteria 
found in decaying material and occasionally in the bowel. The coliform 
bacteria, particularly the genus Escherichia, are considered the normal 
organisms of the adulrlntestine and are used in sanitary work as indicators 
of fecal pollution. The group as a whole has often been spoken of as the 
“colon-typhoid-dysentery” group. It is one of the most important and 
one of the most complex in medical bacteriology. 

Key to the Tribes of Family Enterobacteriacem 

I. ’ • 1 . ’ ,1 11 r tion of acid and visible 

g as , ", ■ Tribe I. Escherichex . 

II. i 0 : Ferment dextrose and 

lactose with formation of acid, or acid and visible gas. Usually attack 
pectin. (One genus, Encinia; 13 species.) Tribe II. Encinex. 
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III. Chromogens producing a red pigment. Ferment dextrose and lac- 
tose with formation of acid, or acid and a small amount of visible gas. 
Liquefy gelatin. (One genus, Serratia; 6 species.) Tribe III. Senates. 

IV. Ferment dextrose but not lactose with formation of acid and visible 

gas. Usually liquefy gelatin. Tribe IV. Protex. 

V. Ferment dextrose with formation of acid, or acid and visible gas. 

Some ferment lactose with the formation of acid, but never visible gas. 
Usually do not liquefy gelatin. Tribe V. Sahnonellex 


ESCHERICHEffi 

This tribe comprises three genera. Two of these Escherichia and .Ero- 
bacter are called “coliform bacteria.” It is our belief that the third genus, 
Klebsiella, should also be so considered. It owes its high degree of indi- 
viduality to the fact that it is recovered from pneumonia and other res- 
piratory conditions. Actually it is difficult or impossible to distinguish 
from i Erobacter or encapsulated Escherichia which occasionally occur. 
It would seem to us that Klebsiella merely represents coliform organisms 
which have exchanged their customary habitat in the bowel or even in 
the environment for residence in the respiratory tract which they maintain 
by virtue of their capsular defense. The wide variety of biochemical 
reactions of the Klebsiella favor this view although on the w hole Klebsiella 
resemble / Erobacter more closely and more commonly than they do 
Escherichia. 

The recognized species of the tribe Escherichex were formerly numerous, 
as late as 1934, 35 species being recognized by Bergcy. At present 10 species 
are rccogi 

formerly ■ ■ 

spcciatioti \ , , , .... » ' . \ • . 

indol from tryptophane; the degree of acidity produced in glucose broth, 
the methyl red reaction; the formation of acctyhncthy Icarbinol (Yogcs- 
l’rosknuer reaction); and the ability to utilize citrate as a sole source of 
carbon. These four tests, in the order named, constitute the “Imvic” 
reaction. In addition the liquefaction of gelatin, the production of hydrogen 
sulfide and the fermentation of glycerol and ccllobiosc are characteristics 
of use in classifying the members of the group. The fermentation of sucrose, 
salicin and dulcitol as well as the dissimilation of many other carbohydrates 
and carbohydrate-like substances no longer holds the significance it once 
did. Iaictosc is typically' fermented with the production of acid and gas 
but strains are quite commonly encountered which produce acid and 
only a trace of gas, or only acid, or even which do not utilize lactose at all. 
Such cultures may of course be mistaken for members of the genus Sal - 
viunclla. However, they may ferment saccharose and salicin and produce 
indol. Also the colony growth is more luxurious and serological tests will 
exclude them. It should be noted, however, that some coliform bacteria 
jwssess antigenic components similar to those found in the Salmonella but 
no coliform has yet l»een found which possesses ljotli somatic and flagellar 
antigens similar to those found for Salmonella. These “nty pic-al coliforms" 
or “paraeolon” organisms which are alwiTaut with rcipcct to lactose 
fermentation arc a very real problem for they are frequently encountered 
in stool .’•jx-cimcfn and their precise significance is not c*tahhM»ed. Morgan’s 
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bacillus, reported from summer diarrhea is at present classed in Bergey in 
the genus Proteus. This allocation does not have the unanimous support 
of all workers; we would indude it as a colifonn organism. The principal 
differential c ha r acteristics of the colifonn bacteria, the tribe Eectcrichea, 
are tabulated in Table 04. 


TaSSXS 64. — Di m-y r v Turmv cr CcuwzZM Bicnsii 




Dscta* I icUc 

bMeUicdi - - AG AG 

Eteiericlia frevrJiii . AG AG 

JUtcEzcUt xt . AG AG 

SrtiUxUT d&aez . . AG AG 

EUbrlfZa sp. . . . AG AG 


“I=-rie znr.~c.“ 

JlrSjl Tcpv cto 

IAJ nd V —.. a *- Ccaa p- v— 


Pmia- 


PROTZS 


The tribe P roles has but one genus, Proteus, comprising S species. 
Proteus TWrganii occurs in normal stools, though but rarely, hence its 
presence in diarrheal stools may be significant. Five other species are 
listed in Berger as ‘‘Habitat: Sot known.” Two species are said to occur 
in putrefying materials. One of the-e, Proteus vulgaris, has considerable 
medical significance. It has some pathogenicity in the urinary tract and 
it has been implicated in some cases of summer diarrhea, but it is chiefiy 
significant because of its serological relationship to the etiological agent 
of typhus fever. Certain strains of Proteus (0X19, 0X2, HXX, OXK) 
are made use of in the serum diagnosis of typhus and other dbease* caused 
by Rickettsia in the Weil-Felix test. Also early work on "11 ” and ‘ O’ was 
done with Proteus. The genus Proteus are highly motile rods, hence 
normally when flagella are present they "swarm" over a plate having a 
moist surface. Xon-motile strains occur and when plated these give discrete 
colonies which do not “swarm.” Filamentous and curvedrods are common 
as are also involution forms. Gram-negative. Aerobic. Proteins are 
decomposed. Ferment dextro=e and sucrose with pruiuction of acidand 
gas but not lactose. This point differentiates Proteus from typical co ~~^ >I p l 
bacteria but brings it into confusion, as far as lactose is concerned, with the 
Salmonella. Usually Voges-Proskauer negativ e. The production of ammo- 
nia from urea is an important characteristic, as is the formation of hj q 63 
sulfide. These two characteristics set oh Proteus from all other ram _" 
negative gelatin-liquefying bacteria- It should be noted that P.uiGTjCnti 
does not liquefy gelatin or ferment sucrose but it does produce hvdrogen 
sulfide. 


SAIAIOKZLLHS 

This tribe is made up of three very important genera, each of winch 
includes species pathogenic for man, one indudes animal pathogens, and 
in each there are species of no known pathogeniaty. 


Key to the Genera of the Tribe Sal m o nel l a 
I. Ferments dextrose with the formation of acid and usually gas. 

Genus Salmonella. 

II. Ferments dextro=e with the formation of acid but no gas. 

A. Motile. Genus ELeriluUa. 

B. Xon-motile. Genus Shi;iZa. 
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Salmonella 

The genus Salmonella is at the present time, with the possible exception 
of Streptococcus, our most complex genus of bacteria of medical significance. 
Tt contains four types of organisms: (a) those which are chiefly pathogenic 
for man, producing “para-typhoid” fever, such as Sal. paratyphi and Sal. 
scftottmuelfen; (6) those which are pathogenic for animals and in man 
cause a variety of enteric fever or more commonly “food poisoning," such 
as Sal. cholerxsuis, Sal. entcritidis, and Sal. typhimurium; (c) those patho- 
genic for animals only, as for example Sal. pullorum; and (d) a number of 
new types found in surveys, pathogenicity undetermined, such as Sal. 
simsbury. In this group the highest refinement of antigenic analysis in 
bacteriology has been achieved. At least 109 serological types are known, 
and this does not include coliform bacteria shown to contain Salmonella 
antigens. These types are identified through the use of somatic antigens 
of which there are 34, and flagellar antigens of which there are 64. From 
an immunological point of view the typhoid bacillus, Eberlhclla typhosa, 
is a Salmonella, but in practice bacteriologists continue to consider it as 
of a different genus ( Eberthella ). 

Serologically Salmonella are placed in groups according to the immuno- 
logical configuration of the soma or cell-bodies, i. e., according to the 
distribution of the “0” antigen. Thus Group A (containing only Sal. 
paratyphi ) possesses “0” antigens II and XII. The mark of Group B is 
the possession of antigens IV and XII. At least 26 species (?) belong in 
group B including Sal. scholtmuclleri and Sal. typhimurium. Group C is 
characterized by the possession of “O” antigens IV and VII and in Group 
C are placed 27 species (?) including Sal. cholerasuis. Seventeen species (?) 

■ 7 up Group D 

■ ■ ■ : hirteen species 

. ■' t - . o 3n components 

III, X and XXVI in the cell body. At least seven other groups can be 
recognized but for practical purposes reasonable identification can be made 
of the most common Salmonella by biochemical studies combined with 
serology studies designed to place the organism in one of the first five 
groups. As far as we know the Salmonella types are relatively stable. 

Tab lb 65 —Biochemical and Agglutinative Characteristics of the More 
Important Saluosell* 1 
Lead 

AraU- acetate Treba- Tar- Dei- Lac- Antigenic 

Xjloao dom (U,b) Inositol lose Irate troee toes group 

Sal. tcholl muclltri . AG AG -f AG AG Aik. AG — B 

(Para B) 

Sal. 1 yphim urtu . AG AG -J* AG AG Acid AG — B 

(Sal. KTtrveke) 

Sal enlenluli* . AG AG + — AG Acid AG — D 

Sal. cAoIcrztuii . AG — — — — Acid AG C 

Sal. abortitoequtna AG AO — — AG Acid AG — B 

Sal. hirtchfJdii . . AG AG + -* V AG — C 

(Para. C) 

Sal, paratyphi . . — AG — — AG Aik. AG A 

(Para. A) 

1 Berget: Manual of Determinative Bacteriology, 5th eU., Baltimore, Williams <5: Wil- 
kins Company, 1930. 

It is obvious that such work as complete Salmonella typing cannot be 
carried out by the average laboratory. Salmonella Centers have been set 
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up in various parts of the world to meet this problem. P. R. Edwards 
has long been a leader in this field in America and under him at the Uni- 
versity of Kentucky has been developed the largest of the American centers. 
Outstanding work abroad involves the names of Kauffman and Bruce 
White. Cultures which require special facilities for typing may be sent to 
the Centers maintained by the Array or to Dr. Edwards. In a recent sun ey 
Edwards and associates found that 3090 cultures of Salmonella from 
2285 outbreaks of infection in man and animals fell into 59 groups or 
types. The problem is not hopelessly complex, however, for it is possible 
to identify with reasonable accuracy most of the Salmonella cultures 
encountered. In Table G5 are listed the essential biochemical and serological 
characteristics of the more important Salmonella species. 

The type species of the genus is Sal . cholerxsuis. 

Salmonella Cboleraesuis 

Habitat ,— Found frequently in swine in which it occurs both in the presence and 

9cca- 

type 


at 

no ,. . „ 

Agar Plate. Tuenty-four Hours at 37° C .— Colonies round, moist, grayish in 
color, translucent, w ltb smooth surface. 

Eosin-M ethylene Blue Agar Plate. Twenty-four Hours at S7“ C.— Colonies are 
round, moist, translucent, colorless or pinkish in appearance. Slay later have a 
bluish tint. 

. ■ ' '0\v th, grayish in color. 

. ' * udity with thin surface 

, . . for thirty minutes. 


rough and mucoid variants may be produced. 

Salmonella Typhimurium 

This species, often called Sal. xrirycke, is in the United States, the most 
widely distributed of all the Salmonella types and i3 probably able to 
attack all species of warm blooded animals. With the exception of Sal. 
schollmuelleri it occurs more frequently in man than any other type. Sal 
lyphimurium belongs to the antigenic group B and has the formula IV. 


SALMON ELLEsE 


473 


XII :i: 1,2,3. As an animal strain it produces acid in tartrate, it forms 
hydrogen sulfide, and it ferments xylose, trehalose, arabinose and dulcitol, 
Sal. paratyphi does not ferment xylose, produce hydrogen sulfide or acidify 
tartrate agar. Although Sal. cholerxsuis ferments xylose it fails to ferment 
trehalose, aTabinose and dulcitol and in one phase it does not produce 
hydrogen sulfide. Sal. cholerxsuis acidifies tartrate medium. Sal. ententidis 
is biochemically similar to Sal. typhimurium. Sal. schottmuelUri does not 
acidify tartrate but unlike Sal. paratyphi it ferments xylose and produces 
hydrogen sulfide. 

Salmonella Paratyphi 

This species of Salmonella has the antigenic formula Group A: I, II, 
XII: a:—. As indicated it exists in only one phase with respect to the 
“H” antigen. Sal. paratyphi causes paratyphoid fever and with rare 
exceptions, possibly questionable, is found only in man. In the paragraph 
above it is indicated that this species fails to acidify tartrate medium, 
produce hydrogen sulfide or ferment xylose. These reactions will identify 
the organism for practical purposes. Incidentally it is the only species in 
serological group A. It is now less commonly encountered in the United 
States than formerly. 

Salmonella Schottmuelleri 

This species is found in animals and in man. The strains found in 
animals acidify tartrate and arc spoken of as the “animal type,” those 
found in man fail to change the reaction in tartrate medium but unlike 
Sal. paratyphi which is also tartrate negative Sal. schottmuelleri ferments 
xylose and produces hydrogen sulfide. It produces paratyphoid fever in 
man but is sometimes recovered from gastro-enteritis. Its serological 
formula is Group B:I, IV, V, Xll:b:l, 2 although somatic components 1 
and V are sometimes missing. 

Salmonella Ententidis 

The serological formula of this organism is Group D :I, IX, XII:g.m. : — 
The typhoid bacillus, when considered as a Salmonella species is Group 
D : IX, XII (Vi) ;d. ; — . Thus it will be seen that a close serological relation- 
ship exists between the typhoid bacillus and such organisms of the genus 
Salmonella as Sal. ententidis. At the present time 15 species other than 
Sal. ententidis belong to this Group D and may be confused with the 
typhoid bacillus. Included here are Sal. panama, Sal. dublin, and the 
organisms causing fowl typhoid and diarrhea of chicks, diseases not trans- 
missible to man. The need is thus shown for care in the interpretation of 
serological findings. Sal. entcritidis, as mentioned above, is culturally like 
Sal. typhimurium. Its immunological difference is clear since one belongs 
to Group B, the other to Group D. Sal. ententidis occurs very rarely in 
animals other than rodents. This indicates that food infection by this 
species probably has its origin in rodents. 

Salmonella Hirschfeldii 

In Group C, formula: V I, VII, (Vi) :c: 1,5 occurs “paratyphoid C.” In 
common parlance Sal. paratyphi is “para A” and Sal. schottmuelleri is 
“para B.” The “para C” was not encountered once in the extensi'e 



474 


bacteria of medical importance 


Edwards survey. It has been reported as common in countries bordering 
ti»e Curribcan and in parts of Europe. Culturally Sal. hirschfeldii has not 
received the attention accorded more important members of the genus. 
It gives the same fundamental "reactions” as Sal. typkimurium except 
that it does not ferment inositol which may be fermented by xrtrycke and 
since the llirschfcld strain appears to be a human strain it will not change 
the reaction of Jordan's tartrate medium. 

EBERTHELLA 

The genus Eberthclla is described thus: "Gram-negative rods. Attack 
a number of carbohydrates with the formation of acid but no gas. Do not 
form acctylmcthylcarbinol.” There are 14 listed species, all motile, of 
which only one, Eberthella iypkosa, the cause of typhoid fever, need con- 
cern us. With the exception of one species, Eb. xenopa, which is associated 


The recognition of a culture a3 Eberthella typhosa is therefore not complete 
until the organism has been thoroughly scrutinized, including serological 
confirmation. This is particularly true because of the fact that the con- 
tinued fevers, to which typhoid belongs, arc a complex and difficult group. 
It would be entirely possible to isolate from the bowel contents of such a 
case an organism which might be called the typhoid bacillus after only 
superficial tests, when the patient actually might be suffering from typhus, 
brucellosis, tuberculosis, endocarditis or other disease of the continued 
fever group. 

Eberthella Typbosa 

Habitat . — The intestinal canal and blood stream of patients ill with typhoid 
fever. The urine, bile and feces of carriers. 


.—Freshly isolated strains 

« uuKu. -• —•> , slightly spreading, barely 

visible growth „ _ . , , 

Gelatin . Twenty-four Hours at 20 ° C— Grayish, transparent to opaque. 

Gelatin Stab Twenty-four Hours at 20 0 C.—' Thin, white, opalescent surface 
growth. No liquefaction. 
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Metabolism .— Aerooe ana facultative anaerobe. Optimum temperature, 37° C,; 
growth is retarded above 40° and below 30° C,, but may occur at 20° C. Grows 
slightly more abundantly in the nrevnoe of nxygen. Optimum pH is 6 8 to 7; 

is in dextrose, levulosc, galactose, 




Pitr n t« _ T-'-trate 

latic (IX, XII) 
agglutinins, but 
r the “0" type, 
, Because of its 

relationship to Virulence this antigen is called “Vi.” It is probably a somatic 
antigen riven nut from .. * «r>” ■ 


s in susceptibility to bacteriophage action. 
, “0” and “Vi” agglutinins at some stage of 
nd rather constantly present in the blood 


occasion ni 
injection o: 




progressive and fatal 



the smooth type, but 
variants may develop 



•hange, is characterized 


SHIGELLA 



Fifteen species comprise the genus Shigella as it is at present constituted. 
Bcrgey describes the genus thus: “Gram-negative, non-inotile rods 
Attack a number of carbohydrates with the formation of acid but no gas. 
Do not produce acctylmcthylcarbinol.” The alcohol mannitol is not 
dissimilated by the type species, Shigella dysentcrix, a cause of bacillary 
dysent ■ N ' ' acillus; nor by Sh. 

ambigu ■ . ■ . • ix, or Sh. minutis- 

sima. " . Sh. paradysentcrix 

and Sh. sound, both of which cause bacillary dysentery and by Sh. gal- 
linarum, Sh. alkalescent, Sh. pfaffi, Sh. rctlgeri, Sh. ccyloncnsis, Sh. madam- 
jmisis, Sh. cqmnilis and SJi. ginlotknsis. Sh. jalliiianiui is considered by 
many a Salmonella with the formula: Group D.:IX, XII : — , and it 
cannot be distinguished serologically from Sal. pullorum, a very interesting 
fact, since it possesses several cultural differences. It causes fowl typhoid. 
Sh. rctlgeri, and Sh. pfoffi are also fowl pathogens. Sh. cguirutis causes 
joint-ill in fowls. The remaining species arc found in the intestinal tract 
and except for the mm-puthogetuc Sh. alkalescent each has been ascribed 
with more or less validity some degree of pathogenicity. The species of 
most importance in human medicine are Sh. dyscnlcrix (Shiga), Sh. jxtra- 
dyscntcrix, ami Sh. sound. The uamc Sh. dii}uir of the former edition no 
longer is recognized, its strains now being distributed in three sjiccics— 
Sh. sonnet, Sh. ccyloncnsis and Sh. madamjxnsis. 
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Shigella Dysenteriaa 

IJabitat. Intestinal canal of bacillary dysentery patients or of carriers. 
Morphology. —Rods or cocco-bacilli 0.4 to 0.0 M by 1 to 3 occurring singly. 
IN op-motile, non*fiagelIated, non-capsulatcd and non-sporulating. Gram-negative 
and non-acid-fast. 

Agar Plate. Twenty-four Hours at 37 0 C.- Colonies round, grayish, with edges 

(y-four Hours at 37° C.~ Colonies, small, 
appearance. If the dye is too concen- 

Gelatin Stab. Tueniy-four Hours at 20° C— Grayish surface growth. No lique- 
faction. 

Broth. Tucnly-Jour Hours at 37° C.— Slightly turbid with grayish sediment. 
Resislatwe . — Killed^ by moist heat at 00° C. in thirty minutes. Usually dies in 

y 

Metabolism.— Aerobe and facultative anaerobe. Optimum temperature, .17° C. 


and then slightly alkaline. Indol — ; nitrates not reduced; II 3 S — ; citrate — ; 
V. P. — ; NIIj -f; methylene blue reductase +. It produces a powerful soluble 
toxin. 

Serology— Sh. dysenterix (Shiga) is antigenically homogeneous and distinct. 

Pathogenicity.'- Causes bacillary dysentery in man. The soluble toxin when 

. lapse and paralysis of 

„ the smooth type, but 

later rough variants may be produced. 

Shigella Paradysenterice 

Shigella paradysenterix (the Flexner “group”) is a species which is 
characterized by its cultural and serological heterogeneity in contrast to 
Sh. dysenterix which i3 homogeneous. This has resulted in a number of 
efforts to define the various types which compose the species of which the 
best known are the Flexner, the Strong and the Park-IIiss-Russell. Sub- 
divisions made upon a fermentative basis were found to be inconstant 
and are now only of historical interest. For more than a decade a satis- 
factory working basis for determination of five types V, W, X, Z and Y, 
has been that of Andrewes based upon the relative distribution within 
the cell body of the four antigenic factors they contain, namely V, W, X 
and Z. The type is named from the antigen present in preponderance, 
type Y being that form in which all four components are present in approxi- 
mately equal amount. Recent studies by Boyd, also on an immunological 
basis, present a new classification of type already adopted by the British 
Army. Boyd does not believe that types Y and X are independent types. 
He retains the Andrewes V, W and Z and adds three new types. These 
then aie called Flexner I, II, III, IV, V and VI. The new I, II and III 
correspond respectively to V, W and Z. Boyd studied 7339 strains of 
dysentery bacilli in India, 1932-1935, and found that 67.5 per cent were 
of this Flexner species. Comparable data for other countries do not exist 
but it is known that in the United States a similar importance of Sh. para - 
dysenterix obtains which is shared with Sh. sonnei, a milder but possibly 
more common excitant of dysentery. Recent epidemics caused by Shiga’s 
bacillus have also been reported. 
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Shigella Ambigua 

This species, the “Schmitz” bacillus, resembles Sh. dysenierix in all 
important cultural characteristics except indol formation which is positive 
for Sh. ambigua and negative for Sh. dysenterix. They are immunologically 
distinct. This organism is not an important cause of dysentery in the 
United States but it plays a more important role in the Far East. 

The Newcastle Type 

This organism was isolated from a case of diarrhea in New eastle-upon- 
Tyae in 1925 and possesses two peculiarities: (1) occasionally a slight 
bubble of gas is produced from dextrose and dulcitol; and (2) when the 
substrate is dissolved in beef extract broth, dextrose, dulcitol and maltose 
are always fermented to acid and gas. Although rated as a species by 
Bergey it has never been given a specific epithet. Weil states that the 
Newcastle type has been found in dysentery cases sporadically or in 
epidemics "over the whole earth.” Boyd feels that the Newcastle bacillus 
is really a Flexner type and he places it along with some other strains 
encountered in his work in India in the classification of Flexner types 
mentioned above as “Flexner VI.” 

Shigella Sonnei 

Several species of Shigella slowly form acid from lactose. Of the fi\c 
which have this property only Sh. sonnei lias much medical significance. 
The bacteria formerly called Sh. dispar have been assigned to Sh. ceyloncn- 
sis, Sh. madampensis and Sh. sonnei. Sonne’s bacillus does not form indol 
which differentiates it from the other two former species. It is well known 
that “Sonne dysentery” is one of the most common forms of bacillary 
dysentery at the present time. It is not true that it is always mild for 
some of the dysentery in Japan of greatest severity is of Sh. sonnei etiology. 

Shigella Alkalescens 

This species was described in 1918 for the sake of its differentiation from 
Sh. paradysenterix. It docs not fail to produce acid from certain sugars; 
its name comes from its end action on milk. Net cr has shown that Sn 
.• , ' ■ 1 r -* >— number of infections 

i ' ■ . .■ ■ the bowel as a com- 

* . • . history of diarrhoL-ie 

' _ ■ >od scrum of its host. 

The more useful reactions of the Shigella group are summarized in Table GO. 
Table CO — Cixakactei»i»tic 8 or Important Species or Shigella 
D cxtroso-t* 


Mannitol— Mannitol + 


Indol-t- Indol— L*cto*e4- Lscloas — 

lilt 

Sh. AA. dyitnterix Sh. tonnn I I 

Duldiol— Dulcitol 4- 

I I 

Sh. jjaraJjitnlfrui Sh. aUalwtr.i 
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Examination of Clinical and Other Materials for Bacteria of the Family 
Enterobacteriaces.— Typhoid and paratyphoid organisms may be isolated 
from the blood, feces, urine or bile of cases of acute enteric fever caused 
by these organisms. In carriers the organisms may be found in the bile, 
feces or urine. In the enteric fevers it is occasionally possible to isolate 
the organisms from other materials including the skin, pus, spinal fluid 
and sputum. At times they may be obtained from contaminated water, 
milk, shellfish or foods. The organisms causing food poisoning and food 
infection and their isolation will be considered in a separate section. (See 
Chapter XXVII.) In bacillary dysentery'* the organisms are usually 
present only in the feces, and therefore only fecal materials are used for 
examination. Colifonn organisms, members of the genus Proteus and 
Shigella alkalescent may be found in urine. Klebsiella may be recovered 
from pus, sputum and blood. 

1. Microscopic. —Microscopic examinations have practically no diag- 
nostic value, except for the determination of motility, since all of the 
organisms are Gram-negative, non-spore-bearing short rods. The question 
of motility' may be of importance in distinguishing the motile typhoid 
organisms from the non-motile dysentery' bacilli, but sometimes non- 
motile typhoid strains occur. Klebsiella is usually encapsulated but the 
colony type and mucoid, stringy growth suggest the presence of capsules 
and it should be recalled that capsules are not always demonstrable, par- 
ticularly in organisms long under cultivation. 

2. Cultural.— It would seen! to be a simple matter to cultivate members 
of the family Enlerobacietiaces, since practically all of them grow' readily'. 
To obtain a pure culture for detailed study is quite another proposition 
particularly from feces, because.thc pathogen sought in the bowel is mixed 
with a great number of other bacteria. The problem then is to prepare 
a medium which will inhibit the dissimilar admixed bacteria and. indicate 
in some way the organisms sought for. The simplest mediums di%'ide the 
colifonn bacteria from the Salmonella- Proteus- Eberthella-Shxgella organisms 
through the use of indicator lactose-agars. Lactose-litmus, Endo’s.and 
eosin-methylene blue agars are illustrations of this technic. The addition 
of other chemicals to specifically encourage the organism sought at the 
expense of those not sought and to help identify it in some way represents 
a further advance. A large number of such culture media have been pre- 
pared Good results depend upon expert use of properly prepared media— 
there is no short cut. Among these special media are the Wilson-Blair 
bismuth-sulfite agar, the Shigella-Salmonella thiosulfate-citrate-bile agar, 
desoxycholate citrate agar, and MacConkey’s bile salts agar. The enteric 
worker should try these media and choose the ones he works best with. 
Possibly one might recommend eosin-methylene blue for routine plating 
and "S.-S.” agar for use in plating for recovery from specimens submitted 
for examination. Given a good fresh specimen the experienced worker will 
have no trouble in obtaining the pathogen sought on so simple a medium 
as lactose litmus agar. However such optimal conditions do not often 
exist and it is best to use the most efficient medium obtainable. Specimens 
of feces or urine may be added to SO per cent glycerol-saline or to a solution 
of selenite “F” for transport to a laboratory for examination. Sometimes 
a specimen, negative on direct plating, gives positive results after being 
held in such an enrichment medium as selenite “F.” Blood cultures may 
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be made using bile broth, Kracke’s medium, nutrient broth or brilliant 
green broth. Bile media are thought to encourage the growth of the 
typhoid bacillus but if used the blood should also be cultured in non-bile 
media, since in advance of results one cannot be sure the case is one of 
typhoid. 



Should growth appear in the broth to which blood has been added sub- 
culture should be made to Endo’s or cosiiwncthylcne blue agar to obtain 
pure cultures for final identification. Colonies appearing on plates made 
from feces should be suspended in saline or broth and rcplatcd to ensure 
a pure culture because on such inhibitory mediums as Wilson-BIair heavy 
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inoculations arc made and it is entirely possible that the small glistening 
black colony on a brown background picked off a Wilson-BIair plate as a 
probable EbcrtheUa typhosa may have mixed with it other bacteria from 
the original specimen which did not grow but which may develop in a more 
favorable medium, giving rise to a mixed culture. When convinced that 
a pure culture is in hand subcultures are made, usually to Russell’s double 
sugar and plain agar slants. Within twenty-four hours the Russell’s slant 
will indicate the group in which the organism is to be found: (1) coliform, 
(2) Sobnoncffa or Proteus, (3) Eberthclla or Shigella, or (4) Fermentation 
reactions negative, as encountered for example with Alcaligencs fxealis, a 
species of the family Rhizobiacex, whose habitat is said to be the intestinal 
canal. From the agar slant subcultures may be made as indicated to 
effect final cultural identification and from it also suspensions may he 
prepared for the serological work deemed necessary. (See Table G7.) 

3. Serological.— (a) Culture Identification.— The results of the bio- 
chemical reactions should be confirmed by agglutination and, if necessary, 
by agglutinin absorption tests. The macroscopic tube-agglutination test 
is usually used. 

Prepare a uniform suspension of the unknown organism by mixing the 
entire twenty-four hour growth on an agar slant with about G cc. of saline. 
Remove all clumps by slow centrifugation for a few’ seconds or by pushing 
a pledget of cotton slowly to the bottom of the tube allowing the homo- 
geneous suspension to “filter up” through the cotton. Dilute the suspension 
to the opacity of tube No. 3 of the McFarland nephclometcr, and use 
0.5 cc. amounts of this suspension in the agglutination tests. Set up 
parallel tests with 0.5 cc. amounts of the various dilutions of specific 
antisera indicated, using for each antiserum sufficient dilutions to show 
the end titres of the respective sera. 

(6) Widal Test.— One of the most valuable and widely used diagnostic 
serological tests is the Widal test in which the blood serum of a patient 
suspectcc 
tion, witl 
typhoid. 

factors. . ... 

paratyphoid and this results in antibody formation. Again, as we have 
noted in the section on Salmonella, one of the serological groups of that 
genus has the same somatic antigen configuration as the tjphoid bacillus. 
Persons who have recently had an infection with a paratyphoid of Group D 
may therefore have "0” antibodies which will react with the typhoid 
bacillus. At the present time these difficulties are surmounted by the 
“Qualitative Receptor Analysis” method in which the patient’s blood 
serum is tested against typhoid antigen “O” and typhoid antigen “H.” 
Definite infection may be indicated by a titre of 1 to 1G0 or higher with 
“0“ antigen and 1 to 80 or higher with “H” antigen. An anamnestic reac- 
tion, past infection, or recent immunization may be indicated by a titre 
of 1 to 160 or under with “H” antigen only. Negative results may be due 
to sampling the patient’s blood before the appearance of agglutinins in 
the serum so that the later appearance of agglutinins after a negative result 
is usually significant. If only “0” agglutination is obtained (“H” being 
negative) the serum should be checked against Sal. enteritidis. If it is 
agglutinated the infection is due to Sal. enteritidis and not to the typhoid 
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bacillus. The diagnostic method of choice in suspected typhoid fever 
before the agglutinins appear is of course the blood culture. It should be 
possible to make a diagnosis of typhoid either by blood culture or Widal 
test before the organisms can be readily recovered from the urine or the 
feces. Examining these excretions should be largely by way of further 
confirmation or for purposes of determining the end of the period of infec- 
tivity or for establishing the carrier condition. It is interesting to note 
that typhoid carriers usually show the "Vi” antibody in their serum which 
can be tested for with a “Vi" antigen. 

The Widal type of reaction is not useful in bacillary dysentery or food 
infection since these diseases do not take the form of a “continued fever” 
and the blood serum content of antibody is irregular and low. 

4. Animal Inoculation.— Animal inoculation is not utilized in routine 
diagnostic work with bacteria of the family Enterobacicriacex. 

BRUCELLA 

The genus Brucella, as at present constituted, consists of four species 
which are described as “Minute rods w'ith many coccoid cells, 0.5 n by 

0. 5. to 2.0/i; motile or non-motile; Gram-negative; gelatin not liquefied, 
neither acid nor gas from carbohydrates; parasitic, invading animal tissue, 
producing infection of the genital tract, the mammary gland or the lym- 
phatic tissues, the respiratory and intestinal tracts; pathogenic for various 
species of domestic animals and man.” 

The described species include Brucella melitensis (type species), Br. 
abortus and Br. suit the causative agents of the caprine, bovine and porcine 
varieties of undulant fever in mankind Br. bronchiseptica, claimed by some 
to be the cause of distemper in dogs and the cause of acute infection in 
cats, rabbits, guinea pigs, ferrets, white rats and monkeys. 

Key to the Species of Genus Brucella 

1. Non-motile: 

A. Grow in media containing basic fuchsin. 

(1) Grows in media containing thionin. 

Brucella mclitensis. 

(2) Does not grow in media containing thionin. 

Brucella abortus. 

Ik Does not grow in media containing basic fuchsin. 

(1) Grows in media containing thionin. 

Brucella suis. 

2. Motile. Brucella bronchiseptica. 

Brucella Melitensis 

Habitat .— Primarily a strict parasite of goats, but may be transmitted to man. 


31 


.—Colonies small, round, about 0 5 mm. 
ng surface and entire edge. By reflected 
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light, translucent, grayish-white in color, while by transmitted light they are 
almost colorless. Consistency butyrous and easily emulsified. Older colonies are 
sugbtly larger and grayish-yellow in color 

grayish-white 
a of the tube. 

. turbidity, no 

' ‘ growth, with 

lnoueraie tumidity, and a moderate deposit which becomes viscous and almost 
impossible to disintegrate. 


tviui, nut, aa a ru»e oy mooa and serum. Brown pigment formed on potato and 
old agar cultures. Growth in all media is relatively slow. Docs not produce hem- 
olysin. 

> Biochemical .—' No carbohydrates fermented, blit 5 to 20 per cent of glucose is 


Iutions will cross agglutinate 
. jglutinate P. tularenm. 

chronic septicemic infection 
. fccted by feeding or by sub- 

Dratory infections of humans, 
— ..... -jcommon. 


Brucella Abortus 

This organism, which was isolated by Bang, in 1870, from cows with 
infectious abortion and called Bacillus abortus, is now' recognized as a 
member of the genus Brucella. It causes contagious abortion in cattle 
and other animals and has been established as one of the causes of undulant 


and grows better in the presence of 5 to 10 per cent C0 2 although old 
cultures do well in the air. For its isolation the culture tubes or plates may 
be placed in a glass jar filled with 10 per cent C0 2 . A simple method for 
' ' ■ ■ ’ inoculation, is by igniting the cotton 

tube with a cork soaked in paraffin. 

„ 2 per cent of glucose, and when grown 

on media containing sulfur it gives off detectable amounts of HaS. It 
produces specific agglutinins and complement-fixing bodies but cross reac- 
tions with the related species are apt to cause some confusion. 

For the differentiation of the three species Huddleson recommends the 
use of 2 media made by adding to beef liver infusion agar (pH 6.6) one of 
the following dyes: (1) thionin, 1 to 50,000; (2) basic fuchsin, 1 to 25,000; 
pyronin, 1 to 100,000 may be used in addition. The growth of Br. abortus 
is inhibited by the thionin medium but not by the others. The differential 
characteristics of species of genus Brucella are shown in Table 68. 

Br. abortus, when injected subcutaneously or intraperitoneally into 
guinea pigs, produces a chronic, non-fatal infection, with focal lesions in 
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the internal organs, especially in the glands, spleen, liver and testicles. 
Most of the brucellosis in this country is of the bovine type. 

Br. abortus infection is said to be less virulent for humans than that 
caused by Br. melitensis or Br. suis. 

Table C8. — Differential Characters of the Three Related Species of 
Genus Brucella 
10 per tent CO» 
required for 

primary H»3 forma- 
Species isolation tion (daja) 

Br. mehtennt ... 0 ±1 

Br. abortut . . . , -f- 2 

Br. suit 0 4 

Brucella Suis 

This organism, which infects swine, other animals and man, resemble 
the other two species quite closely. Methods similar to those mentioned 
above are used for its identification. It grows well on Iluddleson’s thionin 
medium but is inhibited by the basic fuchsin and by the pyronin. 

I. Examination of Clinical Materials.— The laboratory diagnosis of 
undulant fever may be established by isolating the causative organism 
from the blood, milk (animals), urine or feces cither by culture methods 
or by animal inoculation; by the demonstration of specific antibodies and 
active specific opsonin in the serum; and by skin tests. 

1. Microscopic.— The morphological characteristics of the organisms are 
not sufficiently distinctive to enable one to identify them in smears pre- 
pared. from pathological lesions. However, the finding of small Gram- 
negative rods with many coccoid forms may be of assistance as a step 
in the isolation of the organism. 

2. Cultural.— While the organisms may he found in the blood during 
the early stage and during febrile periods of the disease, the results of 
cultures arc often disappointing. Collect 10 cc. or more of blood and 
inoculate this into flasks containing 250 to 500 cc. of nutrient infusion 
broth or liver infusion broth. Incubate at 37° C. and observe for at least 
three weeks, making frequent transfers to duplicate sets of plates con- 
taining glycerol agar, chocolate blood agar and liver infusion agar. Incubate 
one set of the plates in a )ar filled with 10 per cent COi. Examine the plates 
daily for typical slow-growing small transparent colonies and transfer 
these to fresh media to secure a pure culture. Identify the species by 
determining its various cultural, biochemical ami serological reactions. 

Urine or milk specimens may contain the organisms at irregular inter- 
vals during the disease. In making cultures of urine, ccntrifugalizc cnougli 
of a fresh cathctcrizcd sjiccimen to obtain several loopfuls of sediment. 
Inoculate this in the media and incubate as directed above. A similar 
procedure may be used in examining milk but l>oth the sediment and the 
fat should be used to inoculate the media. The pure cultures may he 
tested to determine their ability to grow on Huddleson’s differential dje 
media. 

3. Serological.— (a) Confirmation.— A pure culture of the suspected 
organiMn may be identified by macroscopic tube agglutination tests using 
anti-era prepared with Ur. melitensis, Ilr. abortus and Br.suis, respectively. 

It may be necessary to resort to the agglutinin absorption test to determine 
the species. 


Growth on media containing 


Thiomn 
+ + + 


+ + + 
+ + + 
0 



IS4 


BACTERIA OF MEDICAL IMPORTANCE 


(6) Agglutination Test— Because of the irregular results obtained in 
attempting to isolate the organism from the blood or urine, the clinical 
diagnosis of undulant fever is commonly buttressed by several immuno- 
logical procedures. One of these is the demonstration of specific agglutinins 
in the patient’s scrum. Using the macroscopic tube-agglutination method 
test the serum against antigens prepared with pure cultures of Dr. melitensis, 
Ur. abortus, Dr. suis and also with Past, (ufarenaw. There is some doubt 


exceeds 1 to 80. If different antigens arc agglutinated by the patient’s 
scrum in approximately the same dilutions it may he necessary to carry 
out agglutinin absorption or complement-fixation tests. Consequently 
many clinical laboratories limit the examination to the recognition of 
agglutinins for organisms of one species of the Brucella group, usually 
Ur. abortus. 

(c) Opsono-Cytophagic Test .— The capacity of the neutrophile poly- 
morphonuclear leucocytes of the patient’s blood to ingest organisms of the 
genus Urucclla, presumably an expression of the specific opsonin content 
of the scrum, is measured and the data utilized in determining the presence 
or absence of infection and of the immune state. The test consists in 
mixing small equal amounts of the patient's citratcd blood and of a freshly 
prepared suspension of a known smooth strain of Brucella. The mixture 
is incubated in the water bath for half an hour at body temperature. Then 
a drop of the sedimented cells is withdrawn by means of a capillary pipet 
and placed on a slide. The drop is spread as in the preparation of a blood 
smear and stained after fixation. A routine blood stain such as Wright’s 
may be used. Hitchens and Sullivan advise, however, that the slide be 
immersed for fixation three minutes in a solution containing 1 per cent 
acetic acid and 5 per cent formalin in distilled water. They then would 
stain for fifteen seconds with carbol toluidin blue. The slide is then exam- 
ined microscopically and 25 isolated polymorphonuclear leucocytes from 
different parts of the film are studied. In case the leucocytes contain no 
more bacteria than are distributed in corresponding areas outside the cells 
the test is recorded as negative. “Slight” phagocytosis is the reading for 
the leucocytes which contain more bacteria than the surrounding fields 
but are not "marked” which is the expression for the leucocytes which 
are "filled” (containing 40 or more bacteria). Interpretation of these 
results, as well as those from the agglutination and skin tests is indicated 
in Table 69. 


Table 69.— A Proposed SrstEW fob the Diagnosis op Uneclant Fever According t 
the Results op the Agglutination. Allergic and Opbono-Cttophacic Tests 
(Huddleson, Johnson and Hamann, Am Jour. Pub. Health) 

Aadutuiation Allergic OpsoaopUgic power Status toward 

** te( . t teat OI blood Brucella 

_ — Cells negatne to 20 per Susceptible 

cent slight 

__ 4 - Cells negative to 40 per Infected 

cent mailed 

_ 4 - Cells CO to 100 per cent Immune 

marled 

4 . 4 . Cells 60 to 100 per cent Immune 

marked 

4 - Cells negative to 40 pci Infected 

cent marked 
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(d) Skin-test .— Brucellergin is prepared from smooth strains of Br. 
abortus . or other species of the genus after they have been extracted with 
ether. The extracted, dry cells are ground to a powder and "dissolved” 
in distilled water. From the solution the protein nucleate is precipitated 
by acetic acid adjustment of the pH to 4.5. The precipitate is obtained and 
purified by a series of dissolving and reprecipitating procedures and is 
finally made up in 1 per cent solution at pH 6.8 filtered and preserved with 
phenol (final concentration 0.5 per cent). This is kept in sterile bottles in 
the cold room and for use in humans has to be standardized in rabbits. 
The stock solution which was obtained by NaOH solution of the protein 
nucleate is treated with IIC1 until cloudy. Dilutions are made in saline of 
the suspended material and 0.1 cc. of each dilution is injected intra- 
dermally into sensitized rabbits (made sensitive by intravenous injection 
of 1 cc. of 1 to 100 dilution of a virulent culture of Brucella from a forty- 
eight hour agar slant culture; skin sensitiveness develops in the rabbit 
in about thirty days). The rabbit reactions are read after forty-eight hours. 
The dose to be used in humans is the lowest dilution of the nucleoprotein 
suspension (brucellergin) which produces a skin reaction 5 mm. in diameter 
in sensitized rabbits. 

The test in the human is carried out using 0.1 cc. of the proper dilution 
of the brucellergin, as determined in the rabbit. This amount is injected 
intradermally and the reaction is read at twenty-four and at forty-eight 
hours. Persons who have not been sensitized to Brucella, and who are 
probably susceptible to infection, show no local or systemic reaction 
although in normal individuals an erythema without edema may appear 
about the point of the injection. Such non-specific reactions subside 
between the twenty-four and forty-eight hour readings, while at this 
period specific reactions if present would increase. A true reaction is 
marked by erythema and slight edema involving an area with a diameter 
from 2 to 10 cm. It may persist for forty-eight to ninety-six hours and 
occasionally even longer. In infected individuals the local reactions may 
be accompanied by more marked manifestations of symptoms; focal reac- 
tions especially may be noted. Hypersensitive persons may respond with 
severe systemic reaction. (See Table 69.) 

4. Anim al Inoculation.— The organism may be isolated from infected 
tissues, blood, urine or milk by inoculating such materials subcutaneously 
or intraperitoneally into each of two or more guinea pigs. If the animals 
do not die, kill them at the end of seven weeks and examine the internal 
organs, especially the lymph glands, liver and spleen, for small grayish 
lesions which may resemble those of tuberculosis. From such lesions 
prepare smears and stain them by the Gram and Ziehl-Neelsen methods. 
Also make cultures by rubbing the infected tissues over the surface of 
solid media; incubate one set of the plates aerobically and the other in an 
atmosphere containing 10 per cent CO*. Isolate and identify the organisms 
as outlined above. 

II. Examination of Materials from Animals.— Br. mclitensis infection in 
goats may be recognized by cultivation of the organism from the milk, 
blood or urine but as a rule the diagnosis is made on the basis of the demon- 
stration of agglutinins in the scrum (1 to 20 to 1 to 200 dilution) or in the 
milk. 
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Ur. abortus may be isolated from the uterine mucosa of cows which 
have aborted or from the gastro-intestinal tract and lungs of the fetus. 
Inoculate the infected materials on glycerol agar slants and incubate in 
an atmosphere containing 10 per cent CO*; also inoculate a portion intra- 


used for diagnosis. Serum with a titre up to 1 to 2 o is considered suspicious. 
In infected pregnant animals the titre gradually rises before abortion to 
1 to 200 or 1 to 1000. During the next six months it may fall to below 
1 to 50. If the animal becomes a chronic carrier the titre may remain 
fairly high. The complement-fixation reaction may also be used. 

Ur. suit may be similarly isolated by culture or identified by serological 
tests with specimens from swine or other infected animals. 

BACILLUS 

The genus Bacillus is made up of organisms described as: "Rod-shaped 
bacteria, sometimes in chains. Aerobic. Non-motilc or motile by means 
of pcritrichous flagella. Endospores formed. Generally Gram-positive. 
Chemo-lictcrotrophic, oxidizing various organic comjiounds.” The genus 
is a large one and most of its members are saprophytes. Eleven groups are 
now recognized w ithin the genus and they contain 140 species. One species, 
B. anthracis, belonging to Group V or the B. adhxrens group, is highly 
pathogenic for animals and man. Another, B. xrospoms, found in Group 
VI or the Aerobacillus group, has sanitary significance because it may gain 
access to a water supply and give rise to a "false positive presumptive 
test” in water analysis inasmuch as it produces acid and gas from lactose 
and will grow in the lactose broth tubes commonly used in the bacterio- 
logical examination of water. The organisms of the genus are common in 
the environment, they grow readily on most media, they are aerobes and 
they form spores. Naturally, therefore, they constitute a very troublesome 
genus for they arc common laboratory contaminants, easy to recognize, 
but hard to avoid. The "hay” bacillus, B. subtilis; the "potato” bacillus, 
B. mesenterievs; B. viycoidcs; B. megatherium, the “cabbage” bacillus; 
and B. c ereus are five of the more important species. In practice they are 
seldom differentiated, all being spoken of as “subtilis.” All belong to Group I, 
the B. subtilis group. Aside from the fact that they are always getting in 
the way they are important since they may be mistaken for the anthrax 
bacillus. 

Bacillus Anthracis 


Agar Plate.— C olonies round, 2 to 3 mm. in diameter, raised, dull, opaque, 
grayish-white, with irregular borders, and uneven surface. Under microscope, 
colonies have a Medusa-head appearance. Membranous consistency, do not 
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emulsify easily; colony consists of characteristic rurallrl interlacing chains of 


ce. 

vith uneven 


. ' . extensions, 

ncc. Lique- 

Broth.—Xo turbidity. A 
leaving the broth clear. If 
bling tufts of cotton arises a 
variable. 

ReaUtancc .— Spores ki" 1 * • • , . . . *• • 

including the dry state, 

Metabolism*— Aerobe, 

Limits 12° to 44° C. ’■ . , , ■ 

improved by blood, scrum or glucose. No hemoljsm produced for human, cattle 
or horse blood. 

Biochemical Reaction*.— Acid, no gas in glucose, maltose, sucrose and salicin 
Indol — ; nitrates reduced to nitrites. 11,3 — , Nil* =*= , mctbjlcnc blue, reduced: 
catalase +• Litmus milk coagulated and decolorized; later peptouizod; M. It. ® ; 

Serology.— Prccipitins in immune sera may lie useful for identification. Anthrax 
antiserum produces cross reactions with many related species. Neither the agglu- 
tination nor the complement-fixation tests are of value for the diagnosis of 
infection. 

PutAofft m’cily.— Naturally pathogenic to man, cattle, sheep (except Algerian), 
goals, pigs, and camels: rarely to carnivores. When injected subcutaneously into 
mice, guinea pigs, or rabbits they die in twelve to forty hours with a hemorrhagic 
local exudate, enlarged spleen, and bacilli in blood, ltats arc less susceptible. 
Birds, except sparrows and young pigeons, cold-blooded animals, and fish arc 
resistant. 

Dissociation.-- Growth, particularly in broth at a tcmjicraturc of 42.3° C. for 
some days, causes the appearance of several variants, some have tough well- 
defined capsules, give rise on agar to the typical curled colonies, ami are highly 
\ indent; some have soft poorly defined capsules, form thin, shining colonics on 
agar, and arc slightly \ indent: others arc non-capsulatcd, givo rise to smooth, 
round convex, glistening, mucoid colonics on agar, and arc entirely a\ indent. Non* 
spore-forming variants mav appear spontaneously in cultures incubated at the 
usual tcmiierature, or in culture media containing antiseptics. Though there is a 
definite correlation between capsule formation and virulence, there may be nono 
between sj>ore formation and virulence. 


Examination of Clinical Materials. —The source of the specimens med 
will depend, to some extent, oil tlie type of infection. Collect pus or fluid 
from tiie local skin lesions (malignant pustule), blood in the stpticcmic 
stage of diseased animal, sputum in pulmonary infection (wool. sorter's 
disease) or spinal fluid in the ease of a meningeal infection (rare). There 
is also an intestinal t>im of anthrax in which the bacillus might he found 
ill the feet's. It should lw noted that in the scpli« emic stage of anthrax 
the bacilli, none showing spores, occur in large uuml*crs in the IiIixkI and 
may he demonstrated by direct plating of a drop of blood. Animal products, 
sucii as shaving bristles, are sometimes examined for the prc-oncc of 
anthrax *-porcs. 

1. Microscopic.— Make film pnjurationv with the infix to! materia!, 
Main by (trim’s method ami examine for the t Jurat tcri- tic, large Grain- 
I*, drive h.uilli. Spores may be pre-< nl only if the bicilli base bxxnrxjio-cd 
to atuio-phtrie oxygtn. In btoud or animal tlvous tlie* orgatibms arc 
cmupudaird. Tlir lung chains mi rlu rat ten it it. illy teen in culture, arc 
seldom present in direct preparations. 
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2. Cultural.— Plant portions of specimen in nutrient broth and streak- 
on agar plates; Incubate at 37° C. for twenty-four hours or more, and 
observe colonies. In case the material under study is a bacteriological 
mixture it is possible to kill off associated non-sporc-bearing organisms by 
li eating the broth in which the material has been planted to GO 3 C. for 
twenty minutes. This will not eliminate members of the “subtilis group’' 
which might be present. 

3. A n i m al Inoculation.— This is, in the case of anthrax, a very important 
diagnostic procedure. White mice, guinea pigs and rabbits are susceptible 
to anthrax infection, the mouse most so, the rabbit least. Inoculate one 
of these animals subcutaneously with a small amount of broth culture or 
suspension of agar growth. Blood may be injected directly or about 1 cc. 
of tiie heated (G0° C., twenty minutes) saline \vashing3 of suspected shaving 
brush bristles. If anthrax bacilli are present, the animal will die with a 
fatal septicemia in from twelve to se\cnty-two hours. The organisms may 
then be isolated from the heart’s blood, liver and spleen of the animal. 

The diagnosis of anthrax is warranted if the specimen contains a Gram- 
positive, square-ended, chain-producing, spore-forming, non-motile bacillus 
which produces characteristic Medusa-head colonics on agar and, when 
injected subcutaneously into a white mouse or guinea pig, produces a 
fatal septicemia. Incidentally most of the species of the genus Bacillus 
are motile including all 34 members of the B. sublilis group in which are 
found tlie most important forms apt to cause trouble as contaminants 
around a laboratory. Furthermore these contaminants are slightly if at 
all pathogenic for guinea pigs. 

CLOSTRIDIUM 

Fifty-one species of Gram-positive, spore-bearing rods make up the 
genus Clostridium described as: “Anaerobes or microaerophiles, often 
parasitic. Rods frequently enlarged at sporulation, producing clostridium 
or plcctridium forms.” World War I gave impetus to the study of the 
large spore-bearing anaerobic bacilli because of the importance in that 
conflict of gas gangrene. Cl. botulinum causes botulism when its toxin is 
ingested. Cl. tetani has long been known as the etiological agent of tetanus 
or “lock-jaw.” A variety of species participate in producing gas gangrene 
including Cl. perfringens, Cl. sporogcncs, Cl. noryi, Cl. septicum, and Cl. 
fallal, the most frequently encountered. Cl. chaurtsi causes blackleg, 
also known as symptomatic anthrax in cattle. A number of species are 
not pathogenic. Most of the species are found in soil and some are encoun- 
tered in the intestinal tract. They appear to owe their pathogenicity, 
which is not insignificant, to the property many of them possess of exotoxin 
formation. Such species driven into the body by war wounds and accidents 
may produce serious illness. The toxin causing botulism is ingested and 
is one of the few toxins absorbed from the intestinal tract. There is still 
considerable confusion in the use of species names in this genus since many 
of the known species have been described under se\eral different names. 

Clostridium Tetani 

Habilal —The tetanus bacillus is found in the intestinal tract of man and animals; 
also in cultivated soils. 
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2 ar as slender rods with 


ance. Slightly motile, possessing ■ 

Stain readily with the ordinary aniline dyes, and are moderately Gram-positive, 

■ ■ stoning, trans- 

! - - . . ,, _ r pearance. The 

! ■ curled pro- 

. ■ ■ colonies. 

translucent 

* 5eta zone of 


■ . w , on the walls 

of the tube. Unpleasant odor. 

Cooked Meat Medium. Four Days «t 37° C .— Good growth, with moderate 
turbidity, slight gas formation. No blackening or digestion of the meat, except 
after prolonged incubation. 

Resistance .— Spores of Cl. letani are very resistant to environmental influences, 
retaining their vitality for years in a dried condition. Resist boiling for fifteen to 
seventy minutes. All spores killed by exposure to dry heat, 1G0° C. for one hour, 
or to steam under pressure, 120° C. for twenty minutes. They also have high 
powers of resistance to certain antiseptics, withstanding the action of 5 per cent 
ph _ 

wit 

ho 

pH 7.4 to 7.8. Slight proteolytic powers; gelatin slowly liquefied, coagulated 
albumin not liquefied. 

Biochemical Reactions.— Ho acid or gas formed in carbohydrate media Indol 
positive; nitrates not reduced. Litmus milk, no change or slow precipitation of 
casein. 


Examination of Clinical Materials,— In suspected cases of tetanus obtain 
pus or tissue scrapings from the wound, emulsify in a small amount of 
normal saline, and use lor microscopic, cultural and toxicity tests. In 
clinical cases, cerebrospinal fluid may be drawn and tested for toxin. 

1. Microscopic.— Make film preparations from the suspected material, 
stain, and examine for tlie characteristic “drum-stick” spores of Cl. tciani. 
If present in small numbers, they may be overlooked; or if mm-wruicnt 
anaerobic and aerobic bacilli with round terminal spores arc present, 
these may cause confusion, making tins method of diagnosis of \ery little 
practical value. 
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2. Cultural.— Inoculate the specimen in cooked meat medium, and on 
blood agar and plain agar plates. In 1940 Brewer introduced thioglycollate 
media which greatly facilitate the culture of anaerobes. 

Incubate at 37° C. for seventy-two hours under anaerobic conditions, 
preferably in a “Brown Jar,” and examine for typical bacilli. If spores are 
present in the fluid-medium, heat the culture to between 75° and 80° C. 
for thirty minutes to kill any colonies. Pure cultures may also be obtained 
by inoculating the material into the water of condensation of an agar slant 
and then incubating the tube in an upright position. The tetanus bacilli 
produce an effuse, tenacious proteus-like growth over the surface of the 
slope. Subcultures from the edge of this fem-like growth into the condensa- 
tion water of a fresh agar slant, will usually yield a pure culture after 
several transfers. After isolation study the organisms for cultural and 
biochemical characteristics. (See Table 70.) 


Table 70.— Characteristics of the More Important Species of the Genus Clostridium 
(Reed and Orr, courtesy of War Medicine) 
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3. Animal Inoculation.— Mix a portion of the original material, or of the 
heated culture, with sterile emery dust and inject it subcutaneously into 
the thigh of a guinea pig. Results are more satisfactory when a broth 
suspension of a pure culture is used. A control animal protected by an 
intraperitoneal inoculation of tetanus antitoxin should receive a similar 
injection at the same time. If Cl. tetani is present, the unprotected animal 
will develop tetanus and die within one to four days. 

Demonstration of Toxin in Broth Cultures .— Inject subcutaneously 0.5 cc. 
of filtrate of a ten-day broth culture into each of two mice or guinea pigs, 
one animal of which has been given a prophylactic dose of antitoxin. 
Similar toxicity tests may be made by injecting animals with spinal fluid 
from cases of tetanus. 
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Clostridium Botulinum 

Habitat .— Primarily a saprophyte of soil origin, but may be found occasionally 
in the intestinal tract of domesticated animals. 

Morpholoqy.— Large Gram-positive rods 4 to 6 n long and 0.9 to 1 2 n wide, 

1 ' ’ ‘ i. Spores 

. Spores 
motile by 

Aqar Plate. Four Days at 37° C. — Flat, irregular, grayish-yellow, filamentous 
« ' definite, 

ze, thin 
Abun- 

Gelalin Stab. Ten Days at 37° C .— Liquefied and blackened. 

Blood Agar Plate (Horse). Three Days at 37 ° C . — Irregularly round, 2 to 3 mm. 
m diameter, umbonate colonies, with smooth center and fimbriate periphery. 
A Inha tvno hemolysis. 


Resistance —The bacilli without spores are readily killed by heat and chemicals. 
Spores with • 1 ' 

100° C. for 
Metabolis 
or slightly i 
Hemolysin 
proteolytic; 
impeded; b- 

Biochemical Reactions.— Tv. o biochemical 
6nccharolytic. Proteolytic includes serologu 
Saccharolytic includes some strains of type 
r-J r? rin . tmrn lovnW* nnd maltose a.<, .v...- — 


Serology.— At present there are recognized live types oi u». wiki.™,,. 
differ from one another in the immunological specificity of their toxins. Types 


one form of forage poiso 
subcutaneously in mice, 

proves fatal in one to — j ... 

American outbreaks is G7 per cent. 

Examination of Clinical Materials.— Botulism may be associated with 
meat or meat products, fruits, vegetables, canned goods, and various 
pickled and preserved foodstuffs. (Refer to Chapter XXVII on Bacterial 
Food Poisoning, for methods of examination.) 

ORGANISMS ASSOCIATED WITH GAS GANGRENE 


there are fields and gardens fertilized with animal manure. v..~t 
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such wounds contain aerobic organisms in addition to anaerobes and gas 
gangrene may not be the first or only untoward result of such trauma. 
Such wounds are, of course, a possible source for the introduction of 
tetanus bacilli or spores and must be given treatment designed to prevent 
the development of that disease. The anaerobic organisms associated 
with gas gangrene may be divided on the basis of pathogenicity into three 
groups: 

1. Of prime pathogenicity: 

(a) For man: 

(1) Cl. perfringeus (Cl. wclchii). 

(2) Cl. septicum ( Vibtion septique). 

(3) Cl. notyi (Cl. cedcmatiens). 

(4) Cl. biferruentans (Bacillus sordelli). 

(b) For animals: 

(1) Cl. chauicei. 

2. 01 lesser pathogenicity for man: 

(1) Cl. histolyticum. 

(2) CLfallax. 

3. Themselves non*pathogenic but contributing nevertheless to the 
gaseous gangrene syndrome: 

(1) Cl. sporogenes. 

(2) Cl. xrofoctidum. 

(3) Cl. lentoputrescens (Cl. putrificum). 

(4) Cl. terlium (Bacillus tcrtius), and others. 

On the basis of their biochemical reactions the anaerobes associated in 
the production of gas gangrene may be separated into a proteolytic and a 
saccharolytic group. These properties are not strictly demarcated for most 
members have some properties of the other group. Classification is, how- 
ever, made according to predominating activity. Most of the pathogenic 
group are saccharolytic and, with the exception of Cl. histolyticum, most 
of the proteolytic organisms are non-pathogenic. These proteolytic organ- 
isms are saprophytes, have no power of invading the tissues, and if present 
in a wound, in the absence of saccharolytic anaerobes, usually do not inter- 
fere with the healing of the wound. They do complicate wounds by their 
intense proteolytic action and thus they contribute to the vicious cycle 
set up in a progressing, untreated gaseous gangrene. The anaerobic flora 
in gas gangrene is often mixed with Cl. petfringens occurring most fre- 
quently. This species is also most common when only a single species of 
anaerobe is present. 

Clostridium Perfringens 

Habitat. — The Welch bacillus, often called Cl. rrelchii, is found in the intestma 


• hort chains. Capsules formed in the animal 

1( . .. Spores are large, oval, and central or sub- 

terminal, being formed only in alkaline sugar-free media. Wide range of pleo- 
morphism in old cultures. 

Agar Plate. Forty-eight Hours at 37° C. — Circular colonies from 0 5 to 1 nun. in 
diameter, moist, slightly domed, pearl gray, opaque, with a smooth surface and 
an entire edge. _ , 

Deep Glucose Agar Shake.— Lenticular colonies with an entire edge; abundant 
gas formation. 
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Blood Agar Plate (Horse). Forty-eight Hours at 37° C .— Round domed colonies 
from 1 to 1.5 mm. in diameter, grayish-white with a smooth glistening surface, 
and an entire edge. Zone of beta hemolysis from 2 to 4 mm. surrounding each 
colony. 

Gelatin. Two Days at 87° C.— Liquefied and blackened. 

Broth. Four Days at 87° C.— Moderate turbidity with gas formation, and white 
powdery sediment. 

Cooked Meat Medium. Fifteen Davs at 87° C ,— Rnnid rn-rmth -n tth «*«.<• 


ows 

um 

by 

Biochemical.— Acid and gas in dextrose, Ievulose, galactose, mannose, maltose, 
raffinose and inositol, variable in intilm and 
Indol — ; M. R. ; V. P. — ; nitrates =*. Lit- 
h profuse gas formation (stormy fermentation), 
n their ability to ferment inulin and glycerol 


polysaccharide known as hyaluronic acid widely distributed in connective tissue 
thus increasing the permeability of the tissues and facilitating extension of the 
gaseous gangrene process 
Serology.— Agglut 


Dissociation . — Pure smooth colonics may give rise to mucoid and rough granular 


Short rod, granular variant colonies may be more toxic than tho parent strain. 

Demonstration of Anaerobes in Wounds.— “The case mortality from 
wound infections due to the gas gangrene organisms remains obstinately 
in the region of 30 to 00 per cent. In the early stages of infection when the 
tissues arc still capable of recovery the clinical changes are so slight that, 
even with considerable experience, the surgeon can seldom form a definite 
opinion as to the presence of an anaerobic infection.” Thus McCIcan and 
co-workers present the need for an early diagnosis. They have suggested 
(1913) that search for hyaluronidases or lecithinasc in the early hours of 
the wound history may be an approach to “Early Diagnosis of Wound 
Infection.” As usually carried out anaerobes in wounds arc revealed by 
microscopic and cultural examination and animal inoculation of pus, serous 
exudates or infected tissue from wounds, fluid from hemorrhagic blebs or 
blood. 

1. Microscopic.— Make film, preparations of the wound specimens, staui 
by Gram's method and by one of the capsule stains; also nuke lunging 
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drop preparations. The presence of Gram-positive rods suggests the 
presence of anaerobes but does not warrant a diagnosis of “gas gangrene.” 
The finding of large Gram-positive, non-motile, capsulated rods is pre- 
sumptive evidence that Cl. perfringens may be present, while the presence 
of Gram-positive motile rods indicates the presence of associated wound 
organisms. 

2. Cultural.— The infected materials may be used to inoculate duplicate 
sets of culture media, including litmus milk, Robertson’s medium, infusion 
broth, infusion agar plates and blood agar plates. All media used for the 
isolation of anaerobes should be boiled for ten minutes and cooled rapidly 
just before the inoculations. The cultures should be incubated at 37° C., 
one set kept in an ordinary incubator and the other under anaerobic con- 
ditions, preferably in a “Brown Jar.” If the latter apparatus is not avail- 
able, as for example under field conditions, a state of partial anaerobiosis 
can be maintained by covering all the fluid media with sterile liquid petro- 
latum or melted vaseline and by using deep dextrose agar shake cultures 
instead of the plates. Brewer’s thioglycollate medium may be used in 
which case attention to mechanical anaerobiosis is unnecessary. 

The identification of the spore-bearing anaerobes is somewhat more 
difficult than in the case of the aerobic and facultatively anaerobic bacteria 
and can hardly be adequately dealt with here. 

A tentative diagnosis of Cl. perfringens can be made upon observing its 
typical reaction in indicator milk. Within twenty-four hours, if Cl. per- 
fringens is present, there will occur an acid clot torn by gas, the so-called 
“stormy fermentation.” Stained smears reveal the stout Gram-positive 
Welch bacillus. If this reaction does not occur within the time specified, 
it may be assumed that some other species of anaerobic bacillus is present. 
As soon as a characteristic clot has appeared, usually within eight hours, 
inoculate a second paraffined milk tube, heat at 60° C. for forty-fhe 
minutes (to kill vegetative forms of other organisms) incubate twenty- 
four hours and from the resultant growth inoculate a series of agar shake 
tubes. Observe for growth of characteristic opaque lenticular colonies. 

As Cl. septicum and Cl. sporogenes produce spores in Robertson’s medium 
under anaerobic conditions within twelve hours and Cl. perfringens does 
not, these organisms may be partially separated as follows: After twelve 
hours incubation, heat a portion of the anaerobic cultures in Robertson’s 
medium to 80° C. for twenty minutes to destroy the vegetative forms of 
Cl perfringens and any aerobic organisms still alive and then make transfers 
to plates of serum or blood agar. After anaerobic incubation, select single 
colonies for transfer to broth and continue this procedure until pure cul- 
tures are obtained. 

When dealing with mixed cultures, the growth of Cl. perfringens can be 
concentrated by anaerobic incubation for three to six hours in a tube of 
glucose broth. Cl. septicum, the Vibrion septique of Pasteur, can be simi- 
larly concentrated in saliem broth or Cl. sporogenes in a medium of tap 
water containing coagulated egg albumen. Certain of the pathogenic 
species may be further separated by inoculation into animals. 

3. Animal Inoculation.— If it is suspected that Cl. perfringens is present 
a rapid tentative diagnosis may be made as follows: Inoculate a suspension 
of the infected material or culture intravenously into a normal rabbit. 
Five minutes later kill the animal and place the body in an incubator at 
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37° C. for twelve to eighteen hours. The animal becomes distended with 
gas, bubbles of which may be found along the \essels and in the organs, 
especially in the liver. CL perfringens may be found in smears and cultures 
from these lesions. However, this method is not infallible, as occasionally 
there may be postmortem invasion by anaerobic organisms already present 
in the animal. We have also found that a similar condition in the rabbit 
can be produced by injecting highly aerogenic coliform organisms and have 
encountered one case of suspected “Welch bacillus infection” in which the 
organisms found postmortem in the liver were coliform and not anaerobic 
bacilli at all. 

The final confirmatory test applicable to Cl. wclchii, Cl. adcmaiicm or 
Cl. cedcmatis-maligni, as well as to Cl. ietani, consists in the inoculation of 
pure cultures of the anaerobes into normal guinea pigs, using as controls 
animals which have been protected by an inoculation of antitoxic serum 
specific against one or more of the suspected pathogenic organisms. 

MALLEOMYCES 

Two species, both pathogenic, constitute the genus Mattcomyccs. Organ- 
isms of the genus are described as: “Short rods, with rounded ends, some- 
times forming threads and showing a tendency toward branching. Motile 
or non-motile. Grain-negative. Tendency to bipolar staining. Milk 
slowly coagulated. Gelatin may be liquefied. Specialized for parasitic 
life. Grow well on blood serum and other body fluid media.” The most 
important species is Malleomyces mallei, the cause of glanders, a disease of 
horses, transmissible to man. Mai, pseudomallci, Whitmore's bacillus, 
causes melioidosis in rats, guinea pigs, rabbits and in man in India, Feder- 
ated Malay States and Indo-China. The vagaries of bacterial taxonomy 
arc nowhere better illustrated than in the case of the organism causing 
glanders. At present known as Mai. mallei it has been called Bacillus 
mallei, Coryncbaderium mallei, Mycobacterium mallei, Bacterium mallei, 
Pfciffcrclla mallei, Brucella mallei, Loejjlcrclla uxallci, and in the previous 
edition of this text it was discussed under the name Actinobacillus mallei. 
A factor certainly in this remarkable record is the nature of the organism 
itself. As will be seen its characteristics suggest similarity to a number of 
other well-known bacteria. 

Key to the Species of the Genus Malleomyces 

I. Carbohydrates not fermented. Iloney-likc colonics on jKitato. 
Glycerol agar colonics slimy or tenacious, translucent. Xon-motilc. 

1. Malleomyces mallei. 

II. Carbohydrates fermented. Profuse creamy growth on potato. 
Glj cerol ngar colonies iridescent, becoming corrugated. Motile. 

2 . Malleomyces pseudomallci. 

Malleomyces Mallei 

Habitat .— A strict parasite, found chiefly in wiuinre; occasionally in man. 

Morphology.— Slender, non-motile. non-«poruUting, non<apsulated rod, \tilh 
rounded ends, alwut 0 3 to 0.5 M wide, and 1.5 to 3 m long. 1 he rods arc u-ually 
straight, but slightly cun cd Conus may lw K-cn, arranged tmsly, in pair* or m 
small groups in the tissues. In culture there may be considerable pleomorphom, 
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ng irregular bizarre 
. or false branching, 
ules which may be 

... , — - a ai&aime methylene blue: 

Liram-negati\e, non-acid-fast. 

Agar T* . 

1 mm. ii. . . . 

twenty-f . ■ 

jn color, — « u .e opaque, ana may nave a finely granular surface. Butj-rous 
in consistency and easily emulsifiable 


U... uaj o. ouiiuuiiumg grow tn on potato acquires a greenish-yellow’ tint. 

Broth .~- Moderate growth with turbidity ; thin surface pellicle, and slimy or 
ropy tenacious sediment. 

Resistance . — Destroyed by moist heat at 55° C. m ten minutes or by ordinary 
antiseptics in from ten to fifteen minutes. Dried cultures may live for three or 
four weeks. 

• • ■ . mperature 37° C.; 

i. Growth develops 

Some strains may 

■ t < 1 dk usually acidified 

■ • ' “ . . itrates not reduced. 

„ wj , t uouies present in immune serum 

isis. Precipitin tests are less satis- 
test). 


tem: In addition to the 
and lesions in the liver, 
sh-white nodules. Bacilli 


ACTINOBACILLUS 

Three species at present constitute the genus AclinobaciUus in which 
Mai. matter was formerly placed. All three species are found in lesions of 
actinobacillosis in bo vines, a disease which resembles actinomycosis. 
AclinobaciUus species do not commonly attack man. The organisms of 
this genus are described as: “Medium-sized aerobic Gram-negative rods 
which frequently show’ much pleomorpbism. Coccus-like forms frequent. 
Acid but not gas usually produced from carbohydrates. Grow best, espe- 
cially when freshly isolated, under increased C0 2 tension. Pathogenic for 
animals; some species occasionally attack man. The outstanding character- 
istic of the group is the tendency to form aggregates in tissues or culture 
which resemble the so-called sulfur granules of actinomycosis." 
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ActinobaciUus Lignieresi 

.tcU'nobacillus ligmcresi is the cause of actinohaciUodi* in l*ovines, a 
du-ease xxhich rc.seinhles closely actinoim eo>i-*. The urganbrns attach 
mainly the soft tissues ami rarely infiltrate the !*one. The Km pin tie 
glands in the region of the mouth and neck are anas particularly alKttcd 
(woody tongue). Fit young culture', it Ls a small, (Iram-ncgatixe. non- 
motile bacillus, measuring about 1.5 m m length and 0.1 n in width. Iti 
lesions in the animal Ixxly, small opaque granules are pre-cut in the 
purulent discharge. 'Hie centers of these granules are made up of mas os 
of dram-negative clubs, drouth occurs readily on nutrient agar, forming 
small, circular, scim-tran-parent, blui-h-gray colonies, with a .smooth 
surface and an entire edge, attaining a diameter of I 5 mm. in twuity-four 
hours at .'17 3 C. The agar colonic-* arc cum pond of typical -hurt bacilli, 
but in glucose agar shakes, the colonies con-i-t of long, tangled, unhrauchtd 
filaments. In scrum broth streptohaeillan forms apjKar (Injwtli K jx*>r 
on gelatin and oil Uwlllcr's M.*rum, no liquefaction occurring On a* id 
potato there is no growth, but on alkaline jxitato a slight yclloxxi-h growth 
Aci«l is formed in dcatro-c and l.uto-e latinos milk is aciddud, but not 
coagulated. Indol nitrates not reduced The organism i> not n -i-lant. 
killed by beat at C'g s C. in ten minutes, succumb* readily to dry u.g. require* 
frequent transplanting. Kxpe riuu n tally , cattle, pig', guinea pig', cat*, 
dogs, ,»nd rabbits arc susceptible to infection. I.irge dn-t > mjeetid mtru- 
jM‘ritoneally into guinea pigs cause death in eighteen to twenty -four hours, 
smaller doses (J «>f alt agar slant culture) mjetteel int rape ritone alK into 
male guinea pigs produce the typical Straus re a* turn. Agglutinin* dcx«h p 
in infected animals and may l>o useful in diugno-is No ea-c- of human 
infection lux e been rrj>or!id. 

Examination of Cliaical Materials.— IN hr to Chapter NI.III un*l-r 
rijn-eial Vctcriiury I«al*oratory Method* for information on thi- examination 
of sjKximens from glanders ami «e tiimlucillo-is. 
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'Hu- genus Atiitwnyrfi of the family .fr/o.o lya/iiM, as at |>rc u.t 
constituted, includes ,l J * c ' drseTilxd •*' follows: Orgmr:..* groan g 
in the form of a much bran* hid mycelium, which m »y break **p into >«g. 
me ills llut fum tieiu as insudLe Sometimes Jura'. tic, wit!; « hibUri e :♦•!» «-! 
radiating thleads conspicuous in lrniiw in the animal l*d> r» a •* -i**« «e » 
are- tnii T*«acn>phihr or aliaf ruble S*»U-lm*t»le l.’ght q.*e a x aiee.e •• Jj.xd 
as animal paraMtr*. nine* *J<*i« s atr -a.d to 1-c plant J-allr g*5«* aid tl *• 
remaining tn«ml«r* of tb«* grnu* arr non-pet}.* gu..c -.q :» ; byt* » * * '• 


* ngsu. 

Ailili<‘llixoi\ls « 4 * lift |iti ae A * p 


.J.c Jar*>.5i- 


11. HI, i.|ii 1.77. Al l.i. U-e ll-r< <«-•-> ’< ' r 

•w« r .:.,i .iiu.i ti.r -.<!■' •' •- ! : 

Uj.Wf .jn.iU.K . 1 IK .-ru.l!. ill •' - 1; ”■ "“Y- 

...i U i.< M .4 iu.Itri .-‘I >i **■ • Y‘ : t ' * . ^ 

that i.,«di * i tbr m- u uik t\ l -*- « *» *1 ** **' ■*•' f 1 * *' , "J ' rt *' 
a »i .ta- a'>'l “ r '♦ : ( f *’ * * 

aid t..a.: ta.,.» that jTo-tn *«, .4t* < t » a ’U - ‘ *' -* 
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"domestication.” It is the principal cause of actinomycosis, whether in 
man or in animal. Act. hominis is aerobic and while it has been isolated 

is of at ieast eigiit timerent types clinically, each with its own etiology. 
According to Brurnpt actinomj cotic mycetoma is caused by the ray- 
fungus Act. Ions, whereas Vincent’s white mycetoma is caused by Act. 
madurx. This latter form is not so serious a disease as the former and 
Act. madurx, anaerobe, is not pathogenic for animals. 


Actinomyces Boris 

Habitat .— Strictly parasitic, occurring chiefly in lesions of actinom>cosb in 
cattle; occasionally in man. 

Morphology .— On culture media rods 3 to 4 u long and 0 fi u wide- 1/rnr f hfn 
continm 

forms. . ■ . . 


nd tissues as 
granule con- 
?d by a radial 
v f pear-shaped 


_ ... 0 — . ~ vC pear-shaped 

swellings, staining Gram-ncgatively. In old granules, the central mycelium fre- 
” 1 * > of Gram-positive 


nies 1 to 1.5 nun. 
d nodular surface; 
aasdy emulsifiable. 

No hemolysis. 
i surface; forms a 
.... — medium, there are 

, opaque colonies, irregular in outline, with a 


Broth .— Growth poor: improved by the addition of glucose, medium clear, no 
surface pellicle. At the bottom, compact, irregular masses that fail to disintegrate 

. ■ " . . t 37° C, beginning 

* •. No liquefaction. 

low convex, white, 

A _ icial media. Vitality 

may be retamed for weeks in the refrigerator. Killed by moist heat at 60“ C. in 
ten minutes. 

Metabolism — Anaerobic i ■ Optimum 

temperature 37 0 C , minim ■ i-hemolytic; 

non-chromogenic. Growth . -- ero h blood, 

or glucose t | „ t . ,, , , , . 


cultures into rabbits or guinea pigs, may give rise, in several weeks or months, to 
non-progressive tumor-like lesions, from which the organisms can be occasionally 
recovered 

Examination of Clinical Material.— I. Microscopic.— Pus from the sus- 
pected lesions should be spread thinly in a sterile Petri dish, or diluted 
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with physiological saline, and thoroughly searched for the presence of the 
characteristic granules. Since the organisms are usually confined to the 
granules, these must be found if microscopical examination of pus is to 
assist in detecting the infection. The granules should be examined: (a) 
unstained under a cover glass without crushing, using a subdued light, 
for the detection of a peripheral fringe of club-shaped forms, and the char- 
acteristic rough or corrugated surface of the granule, and (6) examined 
after crushing and staining by Gram’s method, for the presence of a mycel- 
ium of Gram-positive filaments, surrounded by radially arranged Gram- 
negative pear-shaped enlargements. 

2. Cultural.— Fresh granules should be washed in sterile salt solution 
to free them of contaminating organisms, crushed in a few drops of sterile 
broth, and inoculated on glucose agar oi ' 1 1 ' 1 T - ’ ‘ 

37° C., both aerobically and anaerobically 
transferred to new media to obtain pure « 

tion by their metabolic requirements and biochemical reactions. 

MYCOBACTERIUM 

Thirteen species of acid-fast bacteria at present constitute the genus 
Mycobacterium which is defined as follows: “Slender rods which are stained 
with difficulty, but when once stained arc acid-fast. Cells sometimes show 
swollen, clavate or cuneate forms, and occasionally c\ en branched forms. 
Growth on media slow for most species. Aerobic. Several species patho- 
genic to animals.'' 

Key to the Species of Genus Mycobacterium 

I. Parasites in warm-blooded animals, grow slowly on all media 

A. Grow' slowly on glycerol agar in atmospheric air, experimentally 
infect guinea pigs and fowls. 

1. Experimentally produces generalized tuberculosis in guinea 

pigs bt . ‘ ‘ ■ th enhanced by 

thcadi ‘ ' icral/y pale yel- 
low tOU «w|« b — — • 

(1) Mycobacterium tuberculosis \ar. hominis. 

2. Experimentally produces generalized tuberculosis in guinea 
pigs and rabbits but not in fowls.*^ Grow th not enhanced 
by addition of glycerol to media. Xe\cr pigmented. 

(2) Mycobacterium tuberculosis vnr. bods. 

3. Experimentally produces generalized tuberculosis in fowls 
but not in guinea pigs.* 

(3) Mycobacterium admit. 

11. Grows on glycerol agar only when extracts of, or hcat-killcd acid- 
fast bacilli added. Experimentally fails to infect guinea pigs or 
fowls. 

(4) Mycobacterium ixiratulircutosis. ^ 

C. Grows slowly, if at all, on culture media and only in the presence 
of high concentration of COj and Oj. Experimentally fails to 

infect guinea pigs or fowls. 

(.>) Mycobacterium Ityr.r. 

• Within the limit* of th« u*ed m »Und»ul ptowJate. 
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II. Saprophytes or jm malted on cold -blooded animals grow rapidly on 
most media. 

A. bails to survive CO® C, for one hour. 

1. Fails to grow at 17° C. 

(a) Unable to utilize sorbitol. 

(0) JI ycobacterS u m pisci u m . 

(7) Jf yaJxictcrium marinutn. 

(8) Mycobacterium rarix. 

(9) Mycobacterium thamnopheos. 

(h) Utilizes sorbitol. 

(10) Mycobacterium chtbmci. 

(11) Mycobacterium spp. 

2. Grows at -IT® C. 

(12) Mycobacterium taclicvtu. 

U. Survives fitf* C. for one hour; grows at -17° C. 

(13) Mycobacterium phlci. 

Mycobacterium Tuberculosis var. Hominis 

!hb\tal .~~ Strict parasite causing tubcrculo?w in man, iiifr*. monkey*, dogs and 

*.' • ; - . . . ■ » to t fl * in length, 

■ • . • . .- . . • ind rounded ends, 

< . ■ ' ■ ■ . , , May show branch- 

ing. Soa-motuo, non-spormg and non-caj*ufated. Do not stain with ordinary 
Stain U>t with hot carbotfuchsin, n»L*t 
■ i per cent H«SO« for at least ten minutes; 

. ■ i - “ . ... . jvcnly or irregularly, showing granular, 

traded, or banded forms. Cultures may show non-acid-fa>t and clubbed form*. 
Tho organisms from the animal hotly apjiear larger than tho-e from cultures. 

A car Plate. F our Il’ttJct at 37 9 C.-.Vo grow th. 

Glycerol Agar. Four WerU al 37 9 C .— Colonics minute, cnjjnbdike, irregular, 
moist, whitish-yellow, later brownish. ridred, becoming dry. 

. - ■ • * ■ —Flat, spreading, crumpled to rugu-e 

• ’ • it, di>cretc or confluent, slightly raised, 

. . . . , * r surface. 

. , . C.— Colonies 1 to 3 mm , yellowish 

■ ; be low domed with a central depression 

. . u , . .. . h v-, are indented. 

Glycerol Pol'alo. Four UVda at 37 9 C.— Thick, raised, confluent growth, creamy 

nn-olU- • " * 


^SldaMum — Aerobic, no growth under strictly anaerobic conditions, 
occurs best in an atmosphere of 


Growth 

. ay 
or 


Evidence 
■ , sucrose, 
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2. Endamceba coli (Grassi, 1879) Hickson, 1909. — This organism has 
three stages also in its life cycle, but it is non-pathogenic for man or 
animals. 

(a) Trophozoites. —Size, 15 to 50 p in diameter, with an average of 20 to 
30 fi. In fresh warm feces, the organisms are sluggish in their movements. 
Although clear ectoplasm can be differentiated occasionally, the organism 
is mainly endoplasm containing vacuoles, bacteria and fecal debris. Red 
blood corpuscles may be ingested if they are present in the stool. The 
nucleus is generally visible as a ring of granules with an eccentric karyo- 
some, because of the low refractivity of the endoplasm (Fig. 64, Nos. 
I and 2). 

In preparations stained with hematoxylin, the nucleus differs from that 
of E. histolytica by having a thicker nuclear membrane, larger and heavier 
staining granules of peripheral chromatin and a larger karyosome in an 
eccentric position (Fig. 64, No. I). The stained cytoplasm reveals the 
presence of the varied particles that are ingested. 

The precystic stages are formed in a manner similar to those of E. his- 
tolytica but the precysts (Fig. 64, No. 3) and cysts are larger in average 
diameter. The nuclear structure is similar to that of the trophozoites. 

( b ) Cysts.— Size, 10 to 30 n in diameter, with an average of 15 to 18 p- 
The cysts are spherical containing 1, 2, 4, or 8 nuclei (Fig. 64, Nos. 4 to 7). 
The first cysts are uninucleate, but three successive divisions occur to 
produce the 8 nuclei of the typical mature cysts. Supernucleate cysts with 
16, 32 or more nuclei occur also. 

The glycogen vacuole is much larger in the early cystic development 
and the chromatoid bodies are irregular or pointed in shape and often 
filamentous. The chromatoid material and the vacuole usually disappear 
during the early nuclear divisions, leaving only the nuclei and clear cyto- 
plasm in the mature cyst. Uninucleate or binucleate cysts of this amoeba 
are difficult to distinguish from similar cystic stages of E. histolytica, but 
the presence of 8 nuclei in the mature cyst is diagnostic. 

(c) Life Cycle.— In many respects, the life cycle of E. coli is similar to that 
of E. histolytica. Mature cysts are ingested with food or drink contaminated 
with feces. Excystation of the cysts takes place in the small or large 
intestine to liberate a metacystic amoeba containing 8 nuclei or in some 
cases 4 to 7 nuclei, because of occasional nuclear degeneration. Partition 
of the cytoplasm of the metacystic amoeba takes place producing 4 to 8 
amcebuhe. These organisms grow and proceed to multiply by binary 
fission, forming typical trophozoites of E. coli. These trophozoites can 
encyst again when certain conditions obtain to form the infective stages 
by the characteristic cystic development. 

The incidence of E. coli is generally higher than E. histolytica, reaching 
to 50 per cent in tropical areas. The significance of this fact must be 
emphasized because of the role played by tins organism, in arriving at a 
specific diagnosis of E. histolytica. 

3. Endamceba gingivalis (Gros, 1849) Smith and Barrett, 1915.— (fl) 
Trophozoite.— Size, 5 to 35 n (Fig. 63, No. 12). Examination of material 
from carious teeth or abscesses in the oral and pharyngeal regions frequently 
reveals an amceba which in a number of wajs resembles histolytica. 
However, this amoeba is not pathogenic but only a saprophytic organism 
which lives in the mouth. The ectoplasm and endoplasm are clearly dtf- 
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ferentiated and numerous food vacuoles may contain degenerating leuco- 
cytes, tissue cells and bacteria. The nucleus contains a karyosome which 
is central or eccentric, and peripheral chromatin composed of granules so 
closely packed that they resemble a ring. Division takes place by binary 
fission and no cystic stages are known. 



Flu G5 —Other intestinal amtrlia of man ( X -000) 1 and 2, Trophowilca of DttnlamaUi 

fraotfu, 3 and 4, trophozoites of Erulolimax nana, 5. t) st of E nana, 0 and 7. trophoiolte* of 
IoJamaba bHItMu; 3 and 9, cjslaolf 6 OUchlix; JO and 11. DlattueyttiM homtnu; 12. Chsrcot- 
Lojdcn crystal. (Ifcidenhain's iron -alum hemstoi} tin itsiii ) ((hituul ) 

1. Dientamceba fragilis Jcpps and Dobell, 1UIS.— (a) Truphozoiks.— 
Size, 3 to 12 p. Although this unusual organism has been classified and 
named as an am aba, careful morphological cwdencc has been presented 
to show affinities with the flagellates (Dobell, C., Parasit. 32, -117, 1910). 
Dicnlamala possesses two nuclei of identical size and structure which in 
fa\ arable stained si>eciinens arc seen to bc conncttcd with a tliin fibril or 
“eentrodesmus” (Fig. 03, Xu. /)• A certain percentage of the organisms 
33 
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2. Endamceba coli (Grassi, 1879) Hickson, 1909. —This organism has 
three stages also in its life cycle, but it is non-pa thogcnic for man or 
animals. 

(а) Trophozoites.-- Size, 15 to 50 n in diameter, with an average of 20 to 
30 n. In fresh warm feces, the organisms are sluggish in their movements. 
Although clear ectoplasm can be differentiated occasionally, the organism 
is mainly endoplasm containing vacuoles, bacteria and fecal debris. Red 
blood corpuscles may be ingested if they are present in the stool. The 
nucleus is generally \isible as a ring of granules with an eccentric karyo- 
some, because of the low rcfractivity of the endoplasm (Fig. 04, Xos. 
1 and 2). 

In preparations stained with hematoxylin, the nucleus differs from that 
of E. histolytica by having a thicker nuclear membrane, larger and heavier 
staining granules of peripheral chromatin and a larger karyosome in an 
eccentric position (Fig. 04, Xo. I). The stained cytoplasm reveals the 
presence of the varied particles that arc ingested. 

The precystic stages are formed in a manner similar to those of E. his- 
tolytica but the preevsts (Fig. 64, Xo. 3) and cysts are larger in average 
diameter. The nuclear structure is similar to that of the trophozoites. 

(б) Cysts.— Size, 10 to 30 n in diameter, with an average of 15 to 18 <*. 
The cysts arc spherical containing 1, 2, 4, or S nuclei (Fig. 04, Xos. 4 to 7)- 
The first cysts are uninucleate, but three successive divisions occur to 
produce the S nuclei of the typical mature cysts. Supemudeatc cysts with 
1G, 32 or more nuclei occur also. 

The glycogen vacuole is much larger in the early cystic development 
and the chromatoid bodies arc irregular or pointed in shape and often 
filamentous. The chromatoid material and the \acuole usually disappear 
during the early nuclear divisions, leaving only the nuclei and clear cyto- 
plasm in the mature cyst. Uninucleate or binuclcate cysts of this amoeba 
are difficult to distinguish from similar cystic stages of E. histolytica, but 
the presence of S nuclei in the mature cyst is diagnostic. 

(c) Life Cycle. — In many respects, the life cycle of E. coli is similar to that 
of E. histolytica. Mature cysts arc ingested with food or drink contaminated 
with feces. Exc) station of the cysts takes place in the small or large 
intestine to liberate a mctacystic amoeba containing 8 nuclei or in some 
cases 4 to 7 nuclei, because of occasional nuclear degeneration. Partition 
of the cytoplasm of the metacystic amoeba takes place producing 4 to S 
amcebulce. These organisms grow and proceed to multiply' by binary 
fission, forming typical trophozoites of E. coli. These trophozoites can 
encyst again when certain conditions obtain to form the infective stages 
by the characteristic cystic development. 

The incidence of E. coli is generally higher than E. histolytica, reaching 
to 50 per cent in tropical areas. The significance of this fact must be 
emphasized because of the role played by this organism, in arriving at a 
specific diagnosis of E. histolytica. 

3. Endamceba gingivalis (Gros, 1849) Smith and Barrett, 1915.— (a) 
Trophozoite. Size, 5 to 35 ft (Fig. 63, Xo. 12). Examination of material 
from carious teeth or abscesses in the oral and pharyngeal regions frequently 
reveals an amoeba which in a number of ways resembles E. histolytica. 
However, this amoeba is not pathogenic but only a saprophytic organism 
which lives in the mouth. The ectoplasm and endoplasm are clearly dif- 
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ferentiated and numerous food vacuoles may contain degenerating leuco- 
cytes, tissue cells and bacteria. The nucleus contains a karyosome which 
is central or eccentric, and peripheral chromatin composed of granules so 
closely packed that they resemble a ring. Division takes place by binaiy 
fission and no cystic stages are known. 



Fio. 65 —Ollier intestinal amo-baiof man (X SOOOJ I and 3, Trophoioitca of DtctUamalxt 
fragiht; 8 and 4, troi>lio*oi(es of Endohmax nana; J. cjst of E. n ana; G and 7 , Iroplioroitc® of 
loilamaba bdltchlu; X and 9, ci ala of /. bfUtehht; 10 and II, Dlatlucgtluhomum; 12, Clisrcot- 
Lejdcn crystal. (Ileideiiham's itun-alum hrmatoxjiin stain ) (Original ) 

4. Dientamoeba fragilis Jepps and Dobell, 1918.— (a) Trophozoites •— 
Size, 3 to 12 u- Although this unusual organism has been classified and 
named as an amoeba, careful morphological evidence has been presented 
to show affinities with the flagellates (Dobell, C., Parasit. 32, 417, 1940). 
Dientamaba possesses two nuclei of identical size and structure which in 
favorable stained .specimens arc seen to be connected with a thin fibril or 
" centred camus" (Fig. 03, No. 1). A certain percentage of the organisms 
33 




610 


IXTESTIXAL PROTOZOA 


contain only one nucleus (Fig. 03, No. 2). Each nucleus is vesicular con- 
tabling a central mass usually composed of G granules or chromosomes 
(according to Dobell). One of the granules is larger and stains more deeply 
than the others. The cytoplasm is differentiated between ectoplasm and 
endoplasm, with the endoplasm containing numerous food particles and 
vacuoles. No cysts arc known for this species and the method of trans- 
mission is unknown. 

associated intestinal disturbances. 

5. Endolimax nana (\Vcnyon and O’Connor, 1917) Drug, 19 IS.— (a) 
Trophozoite.'— Size, G to 12 n in diameter. This organism is a small am mb a 
that has few identifying characters in the living condition. In stained 
preparations, the nucleus has a characteristic large karyosome which 
assumes a variety of shajxrs in freshly fixed and stained preparations hut 
may be rounded in preparations made from older fecal samples (I'ig. G3, 
Nos. 3 and 4)« 

(b) Cjwl.*.— Size, 3 to 10 p by 7 to S p. The cysts arc typically o\al 
(Fig, G3, No. o) containing 1, 2, or 1 nuclei similar to those of the tropho- 
zoites. No cytoplasmic inclusions are present. 

0. lodamceba biitschhi (v. Prowazek, 1911) Dobell, 1919.— (o) Tropho- 
zoite.— Size, G to 20 p in diameter. Living organisms in a freshly passed stool 
move sluggishly with the extrusion of clear ectoplasmic p>eudopodia. The 
nucleus is not usually visible and the cytoplasm contains a variety of food 
particles. In stained organisms, the morphology of the nucleus distinguishes 
this amoeba from other intestinal species (Fig. Go, Nos. G and 7). The most 
conspicuous structure is the relatively large haryosomc which may be 
rounded or irregular in shape. A layer of chromatic granules, which stain 
less intensely', is dispersed between the karyosome and the nuclear mem- 
brane. These granules aid in distinguishing small organisms of tills species 
from Endolimax nana. 

(b) Cyst.— Size, 7 to 13/i. Although the size of these cysts is very’ close 
to that of E. histolytica, the oval or irregular shape and the presence of only 
one nucleus is diagnostic (Fig. Go, Nos. S and D). Staining of the cysts in 
a fresh preparation with iodine reveals a deeply staining brown mass of 
glycogen which led to the original name of “iodine cysts” for these stages 
of Jodamtrba. The mass does not stain in hematoxylin preparations, but 
appears as a vacuole in the cytoplasm. The structure of the nucleus in 
stained cysts shows a karyosome that is more eccentric, and chromatic 
granules that are frequently aligned in the form of a crescent near the 
karyosome. The cysts are the infective stages but little is known about the 
life cycle. 

7. Giardia Iamblia Stiles, 1915.— (a) Trophozoite.— -Size, 10 to IS p by 
G to 11 p. This organism, which lives in the small intestine of man, is 
bilaterally symmetrical with two nuclei and four pairs of flagella (Fig. G6> 
No. /). The anterior end is marked by a concave ventral sucking disc but 
there is no oral opening (Fig. GO, No. 2). The posterior end tapers to form 
a tail from which a pair of flagella extend. The disposition of skeletal 
fibers and axostyles can be seen in Figure G6, No. 1 . No food particles 
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can be seen in the body; the organisms apparently absorb dissolved nutri- 
tive material by osmosis. 

(6) Cyst (Fig. 66, No. S). — Size, 8 to 14 p by 6 to 10 p. The trophozoites 
encyst as they pass through the large intestine. The resultant cysts passed 
off in the feces are the resistant and infective stages of the parasite. Their 
shape is ovoid and the cyst wall is relatively thick. When stained, 2, 4 or 
more nuclei can be seen. The fibers and even flagella remain differentiated 
in the cyst. Since the trophozoites live in the small intestine, the cysts 
are more frequently found in the stools and occasionally in great numbers. 
This organism is very common in children with an incidence up to 50 per 
cent; in adults the incidence is 2 to 15 per cent. 

8. Chilomastix mesnili Wenyon, 1910.— (o) Trophozoite (Fig. 66, No. 4). 
—Size, 6 to 20 m by 3 to 4 /i. This organism is one of the common intestinal 
flagellates with an incidence of 1 to 11 per cent. It differs from the trichom- 
onads by having a prominent cytostome containing a flagellum, no undu- 


end and fibrils can be detected along the margin of the cytostome in stained 
specimens. The movement of this flagellate is slow and deliberate when 
compared with the jerky motion of trichomonads. 

(b) Cyst (Fig. 66, No. 5). —Size, 6 to 10 /x in length by 4.5 to 6 n in 
width. The characteristic pear-shape is distinctive. Stained specimens 
show a single nucleus. Binucleate cysts are very rare and abnormal when 
they occur. The cytostome, flagella and fibrils can be detected and there 
is a cap on the anterior end. 

9. Enteromonas hominis (da Fonseca, 1915) (Synonym Tricercomonas 
intestinalis Wenyon and O’Connor, 1917).— (a) Trophozoite (Fig. 66, 
No. 6).— Size, 4 to 10 n by 3 to 0 /t. This organism has a characteristic 
ovoid shape that is flat on one side. There are three anterior flagella and a 
fourth flagellum which trails from a fibril extending posteriorly through 
the cytoplasm from the anterior blepharoplast. The nucleus is vesicular 
with a large central karyosome. 

(6) Cyst (Fig. G6, No. 7).— Size, 6 to 8 n by 3 to 4 p. Their shape is 
elongatcly ovoid and 1, 2, or 4 nuclei may be present. The incidence of 
this organism may he as high as 7 per cent in tropical countries. 

10 Trichomonas vaginalis Donne, 1836.— (a) Trophozoites (Fig. 66, 
No. 10).— Size, 7 to 36 p in length. Incidence— 3 to 50 per cent. When seen 
swimming freely in a fresh preparation from vaginal secretion or from young 
cultures, the body is spindle-shaped, but when among cellular debris, the 
body is extremely plastic and assumes a great variety of shapes as it bur- 
rows between particles. Four flagella arise from a blepharoplast in the 
anterior end. A fifth flagellum extends along the margin of the character- 
istic undulating membrane, ending with the membrane posteriorly one- 
third to two-thirds of the body length. The disposition of the fibrils and 
chromatic granules can be seen in Figure 06, No. 10. The nucleus is vesic- 
ular and is found in the anterior end near the blepharoplaat. A skeletal 
structure or axost>Ic arises at the anterior end, passing through the center 
of the body and protruding posteriorly. The cytostome is at the anterior 
end ami ventral to the origin of the undulating membrane. The parabasal 
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apparatus (Wenrich, 1939)' is to be found near the nucleus but special 
staining procedures are required to detect it. No cysts are known. 

11. Trichomonas homims Davaine, I860.— (a) Trophozoites (Fig. 66, 
No. //).— Size, 7 to 20 fi. This organism lives in the large intestine and is 



Fia 60 —Flagellate protozoa of man (X 2000). 1 and 2, Trophozoites of Giardta lambha, 
dor&al and lateral ' lews, 3. cjst of G lambha; 4 and 5, trophozoite and ejst of CkQamathx 
me*ndx 0 and 7, trophozoite and cj at of Enteromonaa homxnia, 8 and 9. trophozoite and cjst 
of Retortamonoa tniettinalu. 10. trophozoite of Tnckomonax taginalva; 11, trophozoite of 
T. homttna; 12. trophozoite of T tenax (after D. U Wenrich). (Heidenhain's iron-alum 
heroatozylm Stain ) (Original ) 

differentiated from T. vaginalis by the presence of three to five anterior 
flagella and another flagellum which extends along the margin of the 
undulating membrane and trails from the posterior end of the body as a 
free flagellum. Otliem ise, the nuclear and cytoplasmic structures are only 
slightly varied from those found in T. vaginalis. Physiological character- 




DESCRIPTION OF PARASITES G13 

istics, such as cultural requirements, are distinct from T vaginalis . No 
cysts are known. 

12. Trichomonas tenax (0. F. Muller, 1773). (Sjn. T. buccalis Goodey, 
1917 and T. elongate [Steinberg] Wenyon, 1926). -(a) Trophozoite (Fig. GO, 
No. 12).— Size, 6 to 12 p. This organism inhabits the human mouth and 
although somewhat smaller, the morphological characteristics are similar 
to those of T. vaginalis. From available data, this species has a different 
incidence than T. hominis a nd T. vaginalis (Bland and Rakoff, 1937) and 
it also appears to be physiologically distinct from both the intestinal and 
vaginal species (Stabler and Fco, 1942). No cysts are known. 



Kto 07 — .1, Tropliozoito of liatanluhum coh, D, c>»l of It colt (X 1000) (UnJcnliaiu’* 
iron-alum licmatoijlui stain ) (Original > 

13. Rotortamonas ( = Embadoraonas) intestinalis (Wen.xon and O'Connor, 
1917).— (fl) Trophozoite (Fig. GO, No. 8).— Si/e, 3.3 to 9 n by 3 to 3 n- This 
rare organism is spindle-shaped with one anterior flagellum and another 
thicker flagellum in the anterior otostomc. 

(6) Cyst (Fig. 60, No. 9).— Size, 1 to 7 n by 3 to 4 n. The cysts are {war- 
shaped Stained specimens show the nucleus and sc\cral structures which 
are the extostome, fibrils and the flagella. 

If. Balantidium coli (Mahnstcn) Stein, 1S62.— (a) Trophozoite (Fig. 07, 
.1),— Size, 30 to 200 n by 20 to 100 a- This protozoan inhabits the large 
intestine and is belicx cd to be the only parasitic ciliate of man. The parasite 
is oxoid with a extostome at the anterior cm! and xvith an anal opening or 
cjtopxge at the posterior end. Cilia coxer the entire Ixxly and they are 
used for locomotion and also for sweeping food jurtides into the cx tostomc. 
.V small micronucleus is to be found usually iu the coueaxitj of the large 
kidney or bean-shaped uiacronudcus. Txxo eontraitile xaumles can Ihj 
obscrxctl in the jmsterior half of the cxtoplastn. 

(6) Cysts (Fig. 67, It).— Size, 43 to t»3/i in diameter. The< x st* are u-ually 
spherical or nearly so and they are cox cm! with a double tran>p.mut wall. 
Staining of the c.xsta rex cals the nuclear components, and the cu titular 
markings with cilia can sometimes be differentiated. 
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This parasite is morphologically identical with a species of Balantidium 
commonly found in hogs, chimpanzees and the wild rat. In fact, current 
opinion backed by experimental evidence maintains that man obtains his 
infection from pigs. 

DIAGNOSTIC METHODS 

A laboratory examination for pathogenic bacteria and protozoa should 
be made on fecal samples from all patients with a diarrhea of unexplained 


pathogens is strongly emphasized. Too many claims have been made for 
the pathogenicity of intestinal amoeba: and flagellates without ruling out 
bacteria as a probable cause for the symptoms attributed to protozoa. 

The methods used for the diagnosis of intestinal protozoa arc for the 
most part, applicable to the study of other human and animal protozoa. 
Several methods should be used on the same specimen to arrive at an 
accurate diagnosis. Although the use of all these methods is not indicated 
or practicable for every specimen, routine use of a staining method to 
accompany the direct microscopic examination is desirable for every sample. 

I. Collection of the Specimen. —The specimen to be examined should be 
passed normally, if possible, and collected in a clean container, free of all 
soap, antiseptics or urine. Purged specimens give a higher percentage of 
positive results, but unless the examiner is skilled in identifying tissue 
cells and macrophages, as well as protozoa, these specimens are a source 
for error. Specimens passed after a dose of cascara sagrada are preferred 
by some workers for examination. 

The specimens should be examined immediately or sent to the laboratory 
for prompt diagnosis. A fresh specimen is absolutely necessary to discover 
the relatively fragile active stages of the parasites. Cysts, when they are 
present, are more resistant to changes in environment and can be found in 
moist specimens for a variable period of time. Some organisms do not 
produce cysts, hence the urgent need for immediate examination. If the 
specimen must be stored for a short period of time before examination, 
storage in the ice box or even at room temperature is preferred to storage 
in the incubator at 37° C. because of the rapid overgrowth of bacteria at 
incubator temperature. The proper collection of the specimen is so impor- 
tant that supervision on the part of the responsible medical officer is often 
necessary to see that the correct procedure is followed. 

II. Methods for the Detection of Intestinal Protozoa.— The following 
procedures are performed in making a careful and thorough fecal examina- 
tion for protozoa. In following these directions, one must realize that 
protozoa inhabiting the intestinal tract are not always passed in the feces, 
so that a series of consecutive examinations, three to six, should be per- 
formed, if all protozoa are to be detected. 

1. Fresh Examination. — A bit of feces from areas of the specimen con- 
taining blood and mucus or from the softer or liquid portion of the stool, 
is emulsified in a drop of physiological salt solution on the left side of a 
microscopic slide. Another bit is emulsified in a drop of Lugol’s iodine 
solution (iodine crystals 5 gm., potassium iodide 10 gm., distilled water 
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to make 100 cc.) diluted to a port wine color on the right-hand side of the 
slide. The emulsions should not be too dense, but should p« rmit one to 
see outlines of the hands of a watch or newspaper print through them. 
Cover glasses are added and a systematic search of the preparation is begun 
with a compound microscope Search first with a lOx ocular and low power 
objective (lOx) and then with the high dry objects r (40\) to detect 
protozoa and their cysts or worm eggs and lan a* in hca\ > infections. The 
fresh preparation is the most useful in detecting and making a specific 
diagnosis of motile flagellates and Balavtidium coh. The iodme preparation 
is most useful for the identification of amoebic trophozoites and cysts that 
were seen in the fresh preparation The iodine not onlj immobilizes and 
kills the protozoa, but it stains the nuclei, differentiating them from the 
cytoplasm. The iodine preparation is im nluable too for detecting Blaster 
cystht hominis and differentiating this troublesome plant-like organism from 
protozoa. 

2. Staining.— Stained films should be made from all fecal samples to 
verify the diagnosis made in the fresh examination and to discov er protozoa 
that might have been overlooked. The technic in general is the same for 
all intestinal protozoa, but some modifications are useful in order to obtain 
maximum results with the various species. 

(a) Fixatives .—' The most widely used and satisfactory fixative is 
Schaudinn’s fluid (2 parts saturated aqueous mercuric chloride and I part 
95 per cent ethyl alcohol) plus 5 per cent glacial acetic acid added at the 
time of using. This fixative may be heated to 45° C. for better results 
with amoebic cysts and ciliates. Time of fixation for thin films may be 
varied from five to fifteen minutes. One-half strength Schamlinn’s fluid 
plus 2 nor cent, elacial acetic acid is very useful for small amoebic and 
I ■, . • ' 


fixative arc very useful for fixation of tissues for the study of patnoiogicai 


preparations but the procedure requires sonic technical skill for differentia- 
tion. The rapid technic of Johnson (1935) is given below* because the 
procedure can be performed quickly and successfully for the diagnosis of 

{liuridt'i. nn.l Oirfollitps. 

method of Heidcnhaiu gives the best definition ut tiie pn.iozu.in nuuvu* 
In the staining of thin films and tissue sections. The associated pathology 
in lesions can be studied best after staining by routine pathological technics 
and also by the use of polv chrome staining methods, such as euim-rmtm- 
lenc blue or Gicmsa stains. 
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(c) Technic.— Johnsons' rapid iron-alum hematoxylin technic: 

(1) Fix thin films on cover glasses or slides in hot (37° to 45° C.) 
Schaudinn's solution plus 5 to 10 per cent glacial acetic acid, 
ten minutes. 

(2) Ninety-five per cent alcohol plus iodine (port wine color), five 
minutes. 

(3) Seventy per cent alcohol, five minutes. 

(4) Rinse in tap water, one to three minutes. 

(5) Four per cent iron-alum solution (made from purple crystals), 
fifteen minutes. 

(6) Rinse in tap water, one to two minutes. 

(7) Stain in 0.3 per cent aqueous hematoxylin (10 cc. of a 5 per 
cent alcoholic (93 per cent ethyl alcohol] stock solution of 
hematoxylin plus 90 cc. distilled water), ten minutes. 

(8) Decolorize in 0.25 per cent iron-alum: aracebre, twelve min- 
utes; flagellates, six to ten minutes. 

(9) Wash in running water, three to thirty minutes. 

(10) Dehydrate in alcohol, clear in xy lene. Mount. 

The “long method” with Hcidenbaiifs iron-alum hematoxylin is the 
preferred technic for making permanent mounts of intestinal protozoa and 
especially' for staining Balantidium coli. This ciliatc is difficult to differ- 
entiate in iron-alu:n solution. Although somewhat slower, differentiation 
w ith a saturated solution of picric acid in 70 per cent alcohol” gives superior 
results. 

Heidenhain's iron-alum hematoxylin technic: 

(1) Fix thin films in Schaudinn’s solution plus 5 to 10 per cent 
glacial acetic acid, five to fifteen minutes. 

(2) Pass films through 50 per cent alcohol (five minutes) to 70 per 
cent alcohol. If the films are to be stained immediately, add 
iodine solution to give a straw color, leave for fi\e minutes. 
This procedure extracts the crystals of fixative, otherwise 

■ . do the same. 

(3) " Icohol 50, 30, 10 

v .~ j .. . . . sr for ten minutes. 

(4) Place in mordant solution (4 per cent iron-alum) and leave for 
two, tweh e or tw enty-four hours. 

(5) Rinse smears quickly in distilled water. 

(6) Place in hematoxylin solution (10 cc. of a 5 per cent alcoholic 
[95 per cent ethyl alcohol] stock solution of hematoxy fin plus 
90 cc. distilled water) for a time equivalent to that for the 
mordant solution. 

(7) Wash smears in distilled water for one minute. 

(8) Differentiate in a 2 per cent or 1 per cent solution of iron- 
alum, according to species of protozoa being stained. Control 
the staining by frequent examination of the film under the 
high or a water immersion objective. When the nuclear struc- 


five minutes in each. 

(10) Clear the films in two changes of xylene. 

(11) Mount in gum dammar or clarite. 
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Maslerynf the above imtl.od* prmidca preparations tin' arc needed 
for the verification of dugm'd* made in the frcdi cvinuniimu. The use 
of this .staining procedure should bo pratt bed for c.uh f« a t ample. 

*h Cultivation.— If the. utu.il im'idiiucaf protozoa in t he g,i 'fro. intestinal 
tract in doirol, cultivation prottdurtA are i^scnti.il The % jlu« of cultiva- 
tion of feces for the dt lection of Eudam.tUi huU.tyl.ni hr. hint definitely 
established. 'lilts amuh.t is a pathogen and anv pnxi-dur«.» to discover 
its presence art* warranted m su-pi< ioux can s 'lioUinUdium m/t may be 
cultivated easily, »i1nu, but the size of this para-iie < liable? ia\\ diagnosis 
in the fresh examination. tVnirdui /.n d./i.j is the only intestinal flagellate 
of possible pathogenic itnpu riant c which has nut been cultivated, m> that 
routine procedures to culttire five* are r\ mti.il onlv when a tempting to 
detect K. hislotyUcvt or when nuking a survey for ill mte-nnal protozoa. 
In fact, the low* incidence of flagellates ri ported III most mjp ev s is attribut- 
able to the failure to supplement the routine tun nw npi< i lamination 
with culture tethnic. Flagellates, unless very mmurwu* .ire extremely 
difficult to discover ill formed stools by ordinary fre-h < xaminalmiis and 
the study of stained films. 

The most successful media in our hands for routine I ilmratorj diagnosis 
and for survey.* have Ih*c 1 » the 1'nlamaLt medium (I » devised by 
Cleveland and Sander*, Boetk and DrMilnv's uuslmm and Dobell and 
I-iidlaw’s medium. The first medium, with a modified Inpud for over- 
laying the .slants, is .satisfactory for routine diagnosis, but the otlur two 
media are slightly better for maintaining cultures over prolonged periods 
of time. Although any of these media will |>cnnit gnmth of intestinal 


and longer sun ival of T. vaginalis, but it has not been tried with intestinal 
flagellates. 

(a) Modified Cleveland and Sanders’ Medium for Ihc Cultivation of E. his- 
tolytica.***— This medium, consisting of liver infusion agar slants overlaid 
with serum-saline solution and with sterile rice starch added, is prepared 
as follows: 

The liver infusion agar of Cleveland and Sanders can be bought as 
Bacto-Kntainoeba medium (Difco). Dissolve 33 gin. in a liter of distilled 
water. Dispense a v olume sufficient to make a slant of medium length 
with no butt in test tubes. Autoclave and slant, leaving the tubes at room 
temperature for several days to harden. 

To make the fluid part of the medium, prepare a M/30 phosphate-salt 
solution, buffered at pH S, by dissolving 11.23 gin. Na 2 IIP(Vl2IhO, 
0.209 gin. of KHjPOi and 8 gin. of NaCl in distilled water to make one 
liter. Autoclave at 15 pounds for twenty minutes, cool and add 10 parts 
buffer salt solution to 1 part sterile horse serum. Cover three-fourths of 
slant with this mixture and add 2 to 3 loopfuls of sterile rice starch to 
each tube. Incubate at 37° C. for twenty-four hours to test sterility. Final 
pH should be 7 to 7.2. Store tubes in refrigerator until needed for use. 

To prepare sterile rice starch, place a few gm. of Difco Bacto-Rice 
Starch Powder in a culture tube (18 x 150 mm.). Place the tube horizontal 
in a hot-air oven at a temperature of 100° to 180 C. for one hour. Repeat 


i 
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sterilization twice at twenty-four hour intervals. Care must be taken in 
this process to avoid chemical changes brought about by temperatures 
above those given. 

(b) Bocck and Drbohlav’s .7 . , ‘ 

break and emulsify in 75 cc ■ ■ ri . . 1 • 

pense 4 cc. in culture tubes , . r ‘ 

in an inspissator and heat (70° C.) until the egg mixture lias solidified. 
Now place the tubes in an autoc!a\c at 15 pounds pressure for twenty 
minutes. Slants can be made also by placing tubes in the autoclave in a 
slanting position. Close the door and ports. Then turn on steam running 
the pressure quickly to 15 pounds and hold it there for ten minutes. Open 
the lower port and replace the air-steam mixture with live steam, main- 
taining a constant pressure of 15 pounds. When steam has replaced the 
mixture, close the lower port and maintain a pressure of 15 pounds for 
another fifteen minutes. Then cut off the steam and allow the autoclave 
to cool slowly. (Rigid precautions are taken to maintain constant pressure 
to prevent formation of air bubbles in slants.) 

Cover the egg slants with 4 cc. of Ringer’s solution— horse serum mix- 
ture, 10 parts to 1, and add 2 to 3 loopfuls of sterile rice starch to each 
tube. Incubate at 37° C. for twenty-four hours to test sterility. Store 
tubes in a refrigerator until needed for use. 

(c) Dobell and Laidlaw's Medium.'— Undiluted sterile horse serum is 
used to make the slants. The serum is placed in tubes, slanted and 
inspissated at 80° C. for sixty to seventy minutes. Cool the tubes and 
cover the slants with the Ringer-serum solution used for Boeck and 
Drbohlav’s medium. The buffer salt-serum mixture used for the modified 
Cleveland and Sanders’ medium is also very satisfactory. Sterile rice 
starch is finally added and the tubes are incubated at 37® C. for twenty- 
four hours to test sterility, 

(d) Nutrient Agar Serum-saline Medium. — Long slants w itliout a butt are 
made in standard test tubes of nutrient agar (Difco, 1.5 per cent). These 
slants are covered one-half or three-fourths with a sterile Ringer’s horse 
serum mixture in a ratio of 20 to 1. (Ringer’s solution: NaCl G gm., 
KC1 0.1 gm., CaClj 0.1 gra. NallCOj 0.1 gm. distilled water 1000 cc.) 
The tubes with the lesser quantity are used for intestinal flagellates and 
with the greater quantity for Trichomonas vaginalis. 

(e) Trussed and Plans Medium 11 for Trichomonas vaginalis.— Slants are 
made of liver infusion agar (Difco) and overlaid with a mixture (as for 
nutrient agar medium). Johnson 10 obtained heavier growth by adjusting 
the agar and the solution to pH 5.8 with 1 N HC1 and 0.25 per cent sodium 
phosphate. The addition of 0 2 per cent dextrose also enhances growth. 
Incubate tubes at 37° C. for twenty-four hours to test for sterility. Store 
the tubes in a refrigerator until needed for use. 

To inoculate any of the above media, place fecal material or exudate 
about the size of a pea in the culture tube and mix thoroughly. Material 
from the more moist parts of the formed specimen .or blood and mucus 
from a semi-formed or liquid specimen are most likely to contain protozoa. 
The tubes should be incubated for twenty-four hours at 37° C. and then 
examined. . ■ ■ '• ' 

freshly pla ■ 

eight hours. a . . ■ . . . 
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ing organisms. Atnceba>, if present, are most likely to be fnt nd on the 
surface of the sterile rice starch at the bottom of the tube. KvelJates are 
more actively motile and they swim about in the liquid portion of the 
culture. Careful and systematic search must be made of material with- 
drawn from the tubes because the organisms arc seldom numerous in 
initial cultures. 

If the media are correctly prepared and the technic of culti\ ation properly 
followed, s lilasloctjsUs 

homnis in bovc media, 

and causes or grow th of 

protozoa. Z. histolytica, 

particularly in the tropics, where the majority of the population is infected 
with lilastocysiis. Numerous attempts have been made to inhibit the 
growth or destroy lilastocysiis during the process, but little success has 
been attained in this direction. In the presence of Blastoeystis, cysts of 
E. histolytica can be hatched to initiate a culture by exposing a fecal 
suspension to 0.03 N IIC1 for thirty to forty-five minutes, neutralizing the 
reaction with I N NflOfl, and inoculating sediment into the ICnlamula 
medium, incubating and examining it as above. 

4. Concentration. — Within recent v ears Faust d a!. 1 h.i\e devised a 
successful concentration method for the detection of cysts of uma'hx and 
flagellates and eggs of various helminths. This method is of value only in 
the examination of semi-formed or formed stools and is of no value for 
trophozoites, because they are destroyed in the process. Farriers, who 
pass few evsts of E- histolytica, may be detected by the use of this method 

(1) Thoroughly mix 1 part of a formed stool with 10 parts of lukewarm 
water in a glass container. 

(2) Strain 10 cc. of this mixture through one lav or of wet cheesecloth, 
previously placed in a small funnel, into a Wasscnnatm tube. 

(3) Place tube with filtrate in a centrifuge and *>pin fur forty-five to 
sixty seconds (about ll’AH) revolutions i*r minute). Four off 
supernatant, add 2 to 3 cc- of distilled water, shake thoroughly, 
and add water to fill tube. Spin in the centrifuge and n /Wat 
process as before until the MJjKmihuit is tJr.ir. 

(1) Four oil the clear su|K.rnatunt fluid and add 3 to 1 cc. of a .£1 per 
cent zinc sulfate solution (sjxxific gravity l.lN)). Mix v-diiuent 
thoroughly in this solution and then add more of the Mine solution 
to within 1 inch of the rim. 

(3) Spin in centrifuge for at least ninety MTonds. 

(lr) Iteumve several platinum IoopfuU of material from the surf.nr of 
the solution in the tube and place cm a micro -topic slide. Add a 
drop of dilute iodine sduthm and mix. 

(7) Add a c»v i r glass and examine for rv stx. 

3. ScmloclcU Tests. — Since E. AidiJytioi h the only common )atL»gir,ir 
proton uii in the intestine, this is the only protozoan infix tion width Ilav 
I mn tlie Mibjix't of iummi.ologual *tudy. Craig (l-'-fi) tint c»l a practical 
l ompfc incut-fixation tr*t that has dugO'.'lj^ value ax a iupplm.roUr> 
protxxlurc. The tot itremmv |* .drive within ‘«vrral dav* aftrr the infix* 
tiuti logins hut tajKf* o:F aflrr the iufettu-n i» {<r i»t.: g up t«» 

tijic month. The r»a* tion h hut dithcnltv in murj-rit.i.g r»'>.it», 

in t*va tf uhrrativc cohti* and in qucM-t :.al !c vutJi 1, S-f 
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lolytica where no parasites can be demonstrated, detracts from its diagnostic 
value. The demonstration of E. histolytica is needed to supjxirt positive 
reactions in doubtful cases. On the other hand it is possible to find E. his- 
tolytica in the stool and have a negative complement-fixation reaction. 
Tissue invasion and the continued presence of antigen for tlic production- 
of antibodies is necessary not only fur the primary apjK.-ar.vucc of antibodies 
hut for their persistence. Individuals losing or being cured of their infec- 
tion become susceptible to a nevv infection. 

(o) Technic of the Complement-fixation Reaction. —The technic of the 
complement-fixation test for amabiasis devised by Craig and modified by 
others, is essentially the same as the technic for the standanl Wasaermann 
reaction. Kx|H-rience as a scrologist is a prerequisite for the satisfactory 
performance of the test. 

Although Craig used the antilmm;tn hemolytic system, other workers 
have preferred the Use of the antisheep hemolytic system. Jteageiits arc 
prepared and titrated acconling to standanl procedures for die system of 
choice. With the projver reagents ami correct technic, success with the 
test is dependent upon the preparation of an antigen with high litre. 

The antigen to be used is an alcoholic extract of cultures of E. histolytica 
containing trophozoites or cysts or of mucoid material from the intestines 
of a dog infected with E. histolytica. The cultures are not hactcria-free and 
hence they must contain a rich growth to provide a heavy suspension of 
nma-hic for extraction. The anxebiu are grow u on the usual media in tubes 
or in flasks.* At least 120 cultures are needed to produce sufficient organ- 
isms for extraction. The sediment containing the arnicine of each culture 
is pipeted olF, placed in suitable tubes and centrifugalized. The supernatant 
is discarded and 7J volumes of absolute alcohol are added. Extraction is 
carried out in the incubator at 37° C. for fifteen days, with dail.v shaking. 
Filter the mixture through a fine filter paj>er and titrate for potency. 

An antigen prepared from cysts of E- histolytica washed free of bacteria 
is satisfactory also. 1 * This antigen lias the advantage of being pure but a 
comparison of results after using both antigens has failed to show marked 
difference. 

The technic of performing the test is given below according to Craig* 
(1942): 

“Proceed as follows in making the tests: Place 0.9 cc. of normal saline 
(0.85 per cent) in all of the tubes used in the series of tests. In tube 1, 
anterior, place 0.1 cc. of the patient's serum that is being tested and the 
same amount in tube 1, posterior, and do the same in the ease of evei?' 
serum that is being tested. In tube 2, anterior and posterior, place 0.1 cc. 
of a known positive serum, and in tube 3, anterior and posterior, 0.1 cc. 
of a known negativ e scrum. These are the controls. To each tube add 
2 units of complement and to each anterior tube, 1 unit of the amebic 
antigen, and incubate all of the tubes in the water bath at 37° C. (98-0° F.) 
for one-half hour. At the expiration of this time add to each tube 0.1 ce. 
of the 5 per cent suspension of red blood corpuscles and 2 units of the 
amboceptor paper. The tubes are now incubated in the water bath at 
37° C. for one hour, being thoroughly shaken every fifteen minutes during 
that period, in order to liberate the amboceptor from the paper. This is 
very important and if not done, false positive results tcill he obtained. At the 
end of the hour’s incubation in the water bath the tubes are placed in the 



DIAGNOSTIC METHOD > 


G21 


ice-box for two hours am! then the reactions are read, and. it the reagents 
have been properly titrated and tiied, the results -In uld be .is follows: 

“The negative serum tube, tube 3, should show lomplcfe hemolysis; 
the positive serum tube, tube 2, should show complete inhibitor u of hemol- 
ysis; while tube 1, containing the serum to be tested, will if negiitvc, show 
complete hemolysis, and if infection with I'.itda main hidohjUcn is present 
will show varying degrees of inhibition of hemol\M-, u^tially either com- 
plete (4 plus) or almost complete , if treatment has not !•••« n administered. 
All of the tubes in the posterior row whirh do not contain antigen, should 
show complete hemolysis. If there is anv inhibition of hemolysis in the 
posterior tubes something is either wrong with the reagents used in the 
test or the serum that is being tested is antiioinplementary If several 
different sera are being tested it will be noted that at the end of the hour’s 
incubation in the water hath some will show complete hemoJ.V'is while 
others may show varying degrees of inhibition of hemolysis. If the tests 
were read at this time very erroneous results would be obtained but after 
two hours in the ice-box all of the tubes containing antigen should show 
complete hemolysis except tho-c from indiv iduals infected with I.ndamaba 
histolytica. The method of performing the complement-fixation test for 
amebiasis is graphically illustrated ' 


Table S3.— Method or Mahno Coiuxeuent-iixation Tl*t ior Auemo 
Scrum for Diognom 
rnovT TVDEft 


Tout ha CWroi S>t 


Patient'* oemm, 0 1 cc. 
Complement, 2 unit* 
Antisen. 1 unit 
Salt notation, 0 9 ec. 

HACK Tints 
Patient's kiuri, 0 1 re. 
Complement, 2 unit* 
Salt notation, 0 9 ce. 
Inmtnla for one-half hon 
Ail J 2 unit* of aml»ri pirn 
retl UooJ rurpu»clc* 

I iieu late for one lu 
Iftil rraclioli*. 


rnovr ti 

Pomiup M.runi, 0 1 ee 
Complement. 2 unit* 

Antigen, 1 unit 
luilt notation, 0 *1 cc 

MACK Tl III* 

I’unitito nerum. 0 1 tc 
Comph nient. 2 unit* 

.-alt notation. 09 <r 
*at« r l>alla at 37* C 
i r t«> « arh tul* ami 0 I cc of 3 j-r wl 


.Wtf.l/11* Cor.trU S‘t 

rMOVT Tt DM 

Normal M-rum. U 1 ce 
Com) h mrnt. 2 unit* 
AnOstn. 1 unit 
-alt total n*n, tl 9 ee 

MCA Tt »i» 
Normal acrutn. 0 I re 
(uoi| Uiirf'tit. 2 unit* 
Salt M,tatn>n, 0 9 cc. 


mn Ilf hu 


atcr lath at 3. * C anil let *t*n«l in W»»»* tart' 


tIA “Hr. <.ti"., I»trrnr f lotion of the lh actions .— The reactions with 

(’++), pin, (+), I>lu-mimn (-). .uul nr^ime.l-l. .iiit.nim.: luc 
.lc-srre of inhibition .,f WmuK-i-. .1 I I>1>*» rc-.rtu.u M;iiif}in» 
inhibit!, „i of hcnmlv.-k lu tlir iiil.n>e'l- ll ‘“ M ‘, ,f <l,c , r V:“ *!'■' n 

ImtIow .1 Mum; i! plii, million it nut mwJijJk'I O u.-no'ttc !;!! 

tmlr.vt treatment has Urn .iilinini'tt ml or l.n-lana ai .u- >•«** >' p r< * 
iu the MtKilv In the latnr ta-e. partial n-». lions au) l*c «f romirnuloo 
value but a diagnnti-* should iirvir IhmtI u|E>n '«« b rracta.*.* alt.i.r. 

HI. Differential Dta*noib of Intestinal Proto*®*.- } 1 * * ]"■“ »» ' 

a feral examination priimriK for the detrition of L. - W "V u * afil 
CiatMa Ir.Uia am! IhLmtUiun «Ji. I» ‘j 


dun bra, Mtlui*. ami .Km liter*. it U mrA-al} 1 M *«•«•*■{* ‘ 
K. A«V.,y,a, u furc appropriate Uratmcnt ran U ** u*. 

jutbogi iu are found, tbe Ul-miirfj* itj* it either W tiAiut 


negative 
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or will include only non-pathogenic protozoa. In flic ^ 


* the non- 
■ . ’ ■ ■ . Tricho- 

of the so-called "flagellate diarrhea” but no experimental pro”o"f has™m 
been forthcoming. In such cases of diarrhea, tests for pathogenic bacteria 
as causal agents should be carried out. Although the crucial experiment to 
r rdla. lamblia must await the successful 
e evidence for the pathogenicity of this 


1. Amcebas,— Diarrheic or dysenteric specimens usually contain only 
the active stages or trophozoites of amcebie or flagellates. In cases where 
stools are passed very frequently, the organisms mav be scarce because of 
dilution. ‘ ; 


afewtrop . ' 

their .specific diagnosis is not'so difficult, Mature cysts of E.' huloivSca 

contain four nuclei n . - l -r- * i • 

chroma to id bodies n ■ . 

larger tlian E. histoh 

Supernudeate cysts" of E. coli containing 10, 32, "or more nuclei are not 
uncommon. Uninucleate or binucleate cysts are more difficult to identify. 
If characteristic morphological features are not evident, examination of 
another specimen with identifiable cysts is preferable to an erroneous 
diagnosis. Cysts of Iodamaba buhehlii may be confused with those of 
t. histolytwa, but the irregular shape, a vacuole which stains deeply with 
iodine, and only one nucleus, will identify them. 

The final and most specific differential character that Histinpnis1.es the 


much larger karyosome is eccentric, and the peripheral chromatin is heavy 
and coarse. Other characters are given as diagnostic but they are too 
variable to be reliable. Differentiation of ectoplasm and endoplasm, 
presence of bacteria in the cytoplasm, motility and ingestion of red blood 
corpuscles depend on the nature of the stool specimen, and on the presence 
or absence of blood. Red blood corpuscles in trophozoite amoeba; are 
usually diagnostic for E histolytica but there are even exceptions to this 
for trophozoites of E. coli can ingest red blood corpuscles (Fig. 64, No. 2) 
if they are present in the feces. 15 Thus, nuclear structures are the most 
reliable characters for differentiating trophozoites of E. histolytica and 
E. coli The only time that nuclei are difficult to distinguish is when the 
fecal specimen is old and the nuclei of the amcebie are degenerate. In 
special cases where diagnosis is difficult to make, pathogenicity tests n 
kittens or young dogs may be used. This procedure is not practical for a 
routine laboratory test. Consecutive stool examinations to find diagnostic 
stages are preferable. 

Differentiation of Endolimax nana and Dientamalafray ilis is not always 
easy in the fresh examination. The trophozoites are approximately the 
same size, so that the nuclear characters brought out by staining procedures 
will help to establish the diagnosis. Cysts of E. nana are distinctive, but 
no cysts are known for D. fragilis. The latter amoeba has been suspected 
of having pathogenic properties since the organism is most commonly 
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found in diarrheic stools. In all these cases, however, pathogenic bacteria 
were not ruled out as causal agents of the condition. Tims until more 
experiments are forthcoming, the pathogenicity of this par wlc cannot he 
established. 

2. Flagellates.— Since Giardia lamblia has not been cultix ted, crucial 
experiments to prove its pathogenicity cannot be performed T his parasite 
is the only species which lives in the small intestine, and the incidence of 
infection ranges up to 50 per cent in children down to approximately 10 per 
cent in adults. Infection is frequently associated with a mucoid diarrhea, 
vague gastro-intcstinal symptoms, loss of weight, and anemia Cure of the 
infection with the specific drug, atabrine, causes the symptoms to disappear 


in the majority of cases. . 

G. lamblia is most frequently found in the cystic stage in stool specimens 
Trophozoites generally occur only in semi-liquid or liquid feces t ecausc 
of their habitat in the small intestine Both stages are distinctive m their 
morphology and diagnosis is not difficult (Hg. 66, Nos. 1 an l *). ie 
trophozoites may occur in great numbers enmeshed m the mucoid p aques 
which are commonly found in a positive specimen. This infection does not 
always produce symptoms, and such “ symptomless carriers are of medical 
interest only as a source of infection for others. , 

Trichomonas hominis (Fig. 66, No. 11) has an undulating membra^ 
which distinguishes it from other intestinal flagellates. ery> ‘ . f 
movements are also characteristic. No cysts are known. . ., 

may be detected in liquid stools but they are not pat 'jogen . T 

stool merely provides a favorable environment in which the flagella es 
multiply rapidly. This species is distract morphological^ and P y o 
logically from T. tenax (= T. clongala) found in the human mouth ana 
T l.i;i; ?“l,e cause of trichomonas vagimtis in women. T. 


cultural and staining properties of T. vaginalis arc also qisuiil-i. 

T. hominis. In cultures, the morpholog.cal characters and phjs.ology 
each species remain distinct. Fnfpromonas 

The other three species of >j os . 4 to 9 ) exist as 

hommu, and Relortamonas inlcs n J ni ,i move slowly 
An oral groove with a flagellum 
eristic. The cysts are pear-shaped. 
R. intestinalis is a very small flagellate, with an oral „^ are 

flagellum and another flagellum extending an eT )J' ^ hominis is most 
shaped also but smaller than those of Chxhmasivc 
commonly found in diarrheic stools or vutli J Nos. 

morphology of the trophozoites and cysts is characteristic (Lig. o , 

3. Quites.- llalantvlwm roli is the only parasitic ciliate of mam Tim 
species causes balantidi n g in size 

occur. B. coli is the lai ere( J with 

from 30 to 200 n in its , anterior 

cilia which are used foi the c yto- 

moutli for food getting. 
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plasm along with the sausage-shaped macronucleus and spherical micro- 
nucleus. The resistant cysts or infective stages are spherical with a diameter 
of 45 to 65 (i. In stained preparations, the nuclei can be differentiated and 
the striations and cilia of the cell wall can be seen. Cultivation of this 
organism is successful by a variety of methods. 

4. Sporozoa .— Isospora hominis is a rare parasite of man, 11 but it has 
been described from various countries of the world. Only the spores have 
been studied (Fig. 68); the tissue stages are still unknown. This organism 
is suspected of pathogenicity, but until more information is available, no 
definite statements can be made. 



Fit. GS —Iwspo'a kotntnu Fantham, 1917 (X 1000). a, Oocjot m stool at time of passage, 
h beginning formation of two sporoejsts. c. sporocjsts formed (thirt>-si* hours). Urge 
residual mass, sporozoites not completely formed; oocyst trail ruptured by pressure; d. 
mature oocjst (fiftj-si* hours). (Magath. courtesy of the Amer. Jour. Trop. Med) 


IV. Additional Aids in Fecal Diagnosis.— lteliable fecal diagnoses are 
only made after considerable study of known species of parasites and 
actual experience with fecal specimens. The typical textbook figures of 
diagnostic stages are not always present in samples. Furthermore, the 
infinite variety of objects ordinarily found in feces leads to a great amount 
of confusion on the part of an inexperienced examiner. 

I Sources of Error in Diagnosis-— % egetable fibers, undigested cellulose 
particles of plant foods, yeast cells, undigested muscle fibers, and crystals 
of fatty acids and soaps may be present in the feces. Tissue cells derived 
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from the intestine and exudative cells, such as leucocj tes and macrophages, 
occur frequently. In fresh normally passed or purged specimens the leuco- 
cytes and macrophages m; f 

debris and red blood cells, ’ . 

Cysts of coprozoic protozoa may be mistaken for those of parasitic 
intestinal organisms. The ycasi-Jike Mastocyslis hominis may assume a 
great variety of sizes and shapes, resembling cystic stages of amoeba? or 
flagellates (Fig. 65, Nos. 10 and 11). This organism is particularly pleo- 
morphic, but if careful observation is made in comparing the structure of 
atneebic cysts with blastocysts, differences may be recognized easily. The 
use of iodine is recommended in staining Blastocystis, because of the way 
iodine causes the material in the central vacuole to shrink away from the 
outer layer of cytoplasm. 

Charcot-Lcyden crystals (Fig. Go, No 12) are frequently found in dysen- 
teric specimens. The frequency of their occurrence in amoebic dysentery 
is believed by many to warrant suspicions of infection with E. histolytica 
in case no stages of the parasite are found. No diagnosis of amoebic dysen- 
tery should be made without finding the amoeba, because Charcot-Leyden 
crystals may occur in ulcerative colitis, severe diarrhea and other infec- 
tions of the intestine- 


Tadle 84.— Differential Diagnosis or Bacillabt and Amoebic 
Dtsenteby (Callender*) 


Exudate 

I Bacillary dysentery 

Armebic dysentery 

Blood 

| Varying amounts 

Small amounts to actual 
hemorrhage 

Polyxnorp honeutro- 
philes 

About 90 per cent exudate 
| Many 6how nuclear de- 
generation (ringing) Cy- 
toplasm frequently con- 
| tains fat 

hew Cytoplasm of some 
of these present shows de- 
generative changes and in 
such the nuclei may ap- 
1 pear pyknotic. 

1 — 

Endothelial macro- 
phages 

Present in varying nuro- 
1 bers Actively phagocy- 
1 tic frequenUy contain 
i erythrocytes and leuco- 
cytes. Undergo toxic de- 
| generation; "ghost cells ” 

Not seen except in cases 
| also having bacterial dys- 
entery. 

1 

- 

Plasma cells 

i Present, relatively more 
abundant early 

Present in small numbers. 

Pyknotie bodies 

Proportionately insigmfi- j 
cant, but are found t 

Constitute about 80 per 
cent of cellular elements 

E histolytica tropho- 
zoites 

Absent unless the two dis- 
eases are both present. 

Present and must be found 
to make diagnosis 

Amount of exudate, 
actual hemorrhage 
excluded 

Mas an e, a large part of | 
the stool. 

Small 

Bacterial content 1 

Low. 

Very high, usually 

Callender, G. It : The Cytological Diagnosis of Dysenteric Conditions and Its Applies- 
in the Military Sen ico, MU. Surg , 58, CSC. 1925. 


40 






C2G 


J.WTESTI.WAL PROTOZOA 


2. Cellular Pathology of Dysenteric Specimens.— After examining a num- 
ber of dysenteric specimens, one is impressed l>y the great differences in 
their cellular content. Study of tissue sections from amorbic, balantidial, 
and bacillary dysentery, and of ulceratKc colitis will reveal the funda- 
mental basis for the characteristic histopathology and cellular caudate 
which is passed in each infection. Proctoscopic examinations also reveal 
striking differences between the highly diffuse inflammation of the mucosa 
in bacillary dysentery and the ulceration without extensile inflammation 
in amccbic dysentery. Cases of amahic dysentery niav become secondarily 
involved with bacterial infection to confuse the picture, but the nature of 
the exudate as carefully worked out by Cullender (Table S4) is of distinct 
diagnostic value. 
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BLOOD PROTOZOA 
By Q dentin AT. Geijian 

MALARIA PLASMODIA 

TnE great importance of malaria as a disease in time of peace is far 
i \ ershadowed by its importance in wartime. In World War If, great 
numbers of men are travelling to and from highly endemic areas. Armed 
forces are stationed or are fighting in many tropical and subtropical regions 
where malaria is hyperendemic (Fig. 70). Troops may be invalided home, 
bringing with them parasitic infections acquired in tropical areas. Troops 
returning from malarious areas after the war is over will be dispersed to 
their homes throughout this country. If such individuals are infected 
with malaria and the local anophcline mosquito vectors gain access to 
them, local epidemics of malaria can be expected. 

Problems arising from the presence of large numbers of troops in malari- 
ous areas place a distinct obligation on each laboratory diagnostician in 
the armed forces or the civilian health services who is responsible for the 
diagnosis of malaria parasites. Cursory examination of textbooks or 
stained films containing parasites provides insufficient background for 
arriving at a reliable and accurate diagnosis Some concentrated training 
from skilled and experienced experts is needed in order to satisfy the 
necessary requirements. 

The following consideration of malaria is devoted to a description of 
the parasites and methods for diagnosing infection, but insufficient space 
is available to present a complete account of this small but important part 
of malariology. If additional information is desired, recent textbooks of 
tropical medicine and monographs on malaria should be consulted. 

I. Classification.— The parasites of human malaria belong to the class 
Rporozoa, order Hxmosporidia and genus Plasmodium. Although other 
mammals, birds, and certain lower animals harbor malaria parasites, only 
four species occur in man. 

Species of human malaria parasites: 

Plasmodium falciparum of malignant tertian (aestn o-autumnai or 
subtertian) malaria with a forty-eight hour cycle. 

P. malarix of quartan malaria with a seventy-two hour cycle. 

P. vivax of benign tertian malaria with a forty-eight hour cycle 
P. ocale of ovale tertian malaria with a forty-eight hour cycle 

II. Life Cycle.— The complete life cycle of the plasmodia of man includes 
both asexual and sexual stages of development or “alternation of genera- 
tions” between the intermediate and definite e host. Although the imma- 
ture sexual stages or gametocytes develop in the peripheral blood of man 
coincident with the asexual cycle, the process is completed only within the 
female anopheline mosquito which ingests blood containing the sexual 
stages. After the required de\ elopmental period, which \nries with the 
temperature of the environment, infecthe stages are produced in the 

( 627 ) 
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mosquito which lead to the transmission of the disease when the mosquito 
ingests another human blood meal. 

1. Cycle in Man.— When an infective anopheline mosquito bites man 
and inoculates sporozoites (the infecth e stage of the parasite) (Fig. 69, 
No. 7), a chain of events is initiated which leads to the development of 
clinical malaria. During the subsequent incubation period, which may 
vary from eleven to fourteen days to several months, the site, nature and 
fate of the process which results in the blood stream infection is entire!} 
obscure. Experiments ha\c shown that the peripheral blood does not 
contain detectable parasites or become infectious for a number of days 
after the infective bite. Thus, the sporozoites apparently undergo some 
necessary development in the tissues before the required stage is produced 
for the penetration of the red blood corpuscles. 

In a high percentage of cases, the parasites can be detected in the blood 
before the beginning of clinical signs and symptoms. The youngest form 
to be found in the erythrocytes is the “signet ring” with a central vacuole 
and a ring of cytoplasm containing a chromatin dot or granule (Plate IV, 
Fig. 2). The growth of the parasite proceeds gradually at the expense 
of the host cell and the length of time required to complete the asexual 
process depends upon the species involved. The \ acuole disappears and 
the v olumc of the parasite increases as it grows. The stage containing only 
one chromatin mass is called a trophozoite. As growth continues, pigment 
granules are produced and the chromatin mass divides to form the stage 
known as a schizont (Fig. 16). Several divisions of the chromatin in the 
schizont.take place to form the fully grown parasite or the segmenter 
which may almost completely fill the cell (Fig. 20). At the time of the 
paroxysm, the red cell ruptures to free pigment and the merozoites, which 
were formed by segmentation, into the plasma of the blood. The merozoites 
immediately invade new red blood cells to initiate a new cycle or are ingested 
by phagocytes. The same asexual process can be repeated to form a new 
brood of merozoites or the parasites can develop into male and female 
gainetocytes (Fig. 23 and 24), which completely' fill the ery'throcytes and 
contain one chromatin mass only. 

2. Cycle w the Mosquito.— When a patient with clinical malaria or a 
carrier of malaria produces a certain concentration of gametocytes, the 
blood will lead to infection in an anopheline mosquito when the blood is 
ingested. In the blood-filled stomach of the mosquito, the male gametocyte 
or microgametocyte undergoes a process of “cxflagellation” or throwing 
off of four to eight slender microgametes (Fig. 69, No. 2). The macro- 
gametocyte undergoes a change too (Fig. 69, No. 1) after which a micro- 
gamete penetrates it and fuses with the nucleus to form a fertilized cell 
or zygote. Elongation takes place and the cell, now called an ookinete 
(Fig. 69, No. 8) becomes motile. The ookinete penetrates the lining of 
the mosquito’s stomach, migrates through between the epithelial cells to 
lie under the outer membrane of the stomach (Fig. 69, No. 4) and begin 
the formation of the oocyst. The oocyst begins to grow (Fig. 69, No. o) 
and after numerous nuclear divisions, sporozoites are differentiated. The 
oocyst eventually ruptures (Fig. 69, No. 6), freeing the sporozoites into 
the body caxity of the mosquito, leading to their penetration of the tissues 
and fluids. The sporozoites which penetrate the salivary glands (Fig. 69, I 
No. 7) are the most important because their injection along with salhs* 


Km- CO.— Stages in (lie sexual development of the malaria parasite. (X 1 UX) net pt Xu. .5.) 

1, MarroRnmctocj to of P. nnu; 2, “cifljEi Nation" or formation of nurmimnicu* from 
microcinietoej te, n«u; J, ookinete, P max, from stomach of moxjuito; 4, ookinete, 
P, nlutum, in stomach nail of ntoMjtnlo, Culrx ;» punt, 3, oocjsts, /'. max. on stomach of 
mosquito (X 115), IS, oocjal breaking into body ca\ ity to free sporosoitc*. 7, s|>orofoites 
jiciielrtiung'the sain ary gland. (Photographs 4 and C, made from slides in the collection of 
Dr. L. It. C!e» eland ) 
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at the next feeding leads to the transmission of the disease. This whole 
process or sporogenous cycle in the mosquito requires a definite time, 
depending upon the temperature of the environment. At 20° to 21° C., 
the salivary glands of an anopheline mosquito infected with P. falciparum 
become positive for sjwrozoites in about twenty-two to twenty-three 
days, with P- tirax in about sixteen to seventeen days, and with P. malarix 
in thirty to thirty-five days. 

Description and Differential Diagnosis of Human Plasmodia 

'Benign tertian and malignant tertian malaria are the types of this 
disease most frequently encountered. Quartan malaria is of importance 
in certain parts of Africa and India, hut has a tendency to be localized in 
its distribution wherever it occurs. Ocale tertian malaria is of little impor- 
tance as a disease entity from a public health viewpoint. 

Although generalization is hazardous when dealing with malaria, infec- 
tions with the abo\ e four species of parasites differ in their symptomatology, 
latency, and response to anti-malarial drugs. Plasmodium falciparum, 
causing malignant tertian malaria, is highly pathogenic and a common 
tropical infection. The great invasheness and pathogenicity of P. falci- 
parum makes the specific diagnosis of this parasite extremely valuable to 
the clinician. Obviously, a patient infected with P. falciparum should be 
watched more carefully and treated differently than the patient with 
i\ titax. Thus specific diagnosis becomes of great importance to the medical 
officers of the armed forces operating in the endemic and hyperendemic 
malarious areas in the tropics, subtropics and temperate zones. 

I. Description of Parasites.— 1. Plasmodium Falciparum.— Infection of 
the peripheral blood with this species is usually characterized by the 
presence of “rings” only or “rings” and gametocytes. The trophozoites 


Legenp for Plate 111. — P. falciparum 

1. Very young ring form trophozoite. 

2 Double infection of single cell with young trophozoites, one a ‘'marginal ford.” 
other “signet ring" form 

3, 4. Young trophozoites showing double chromatin dots. 

5, 6. 7 De' eloping trophozoite forms. 

8. Three medium trophozoites m one cell 

9 Trophozoite showing pigment, in a cell containing Maurer's spots. 

10 ll. Two trophozoites in each of two cells, showing variation of forma which parasites 

may assume. , 

12 Almost mature trophozoite showing haze of pigment throughout cytoplasm. Maurer s 
spots m the cell. 

13. Aestiv p-autumnal “slender forms 

14. Mature trophozoite, showing clumped pigment. 

15 Parasite in the process of initial chromatin division. 

16 17. IS, 19. Various phases of the development of the schizont (“prescgmenting schiz- 
onts”) 

on ^fqfriri* srhiront. _ , 


27 Immature microgametocyte 

28 Mature microgametocyte 


Henroduced with permission from the Manual for the Microscopical Diagnosis of Malaru* 
a Man, National Institute of Health Bulletin No ISO. (By Aimee Wilco* ) 
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and schizonts develop within the small capillaries of the viscera and 
other internal organs. The presence of developing asexual stages in the 
peripheral blood is usually a bad prognostic sign because it signifies block- 
ade and. stasis of blood in the small capillaries. This phenomenon causes 
serious involvement of the brain, intestines, kidneys and other compli- 
cations in this infection. 

Two or more “rings” of P. falciparum may parasitize a single red cell. 
(Plate III, Fig. 8.) The “rings” have a delicate appearance and there 
may be two chromatin granules (Fig. 3). Multiple infection of the red 
cell is usually diagnostic for this species. lied and irregularly shaped dots, 
known. as Maurer's “spots” (Fig. 9) may stain in the cytoplasm of the 
parasitized red cell. 

When the older asexual stages are found in the peripheral blood (Figs. 
14-19) or are studied in impression films of organs, the parasite seldom 
attains the size of P. tixax or P. malarix. The schizont and segmenter fill 
only about two-thirds the diameter of the erythrocyte. The merozoites 
number 8 to 24 and the pigment is black or brownish-black in color 
(Fig. 20). 

The gametocytes, often called “crescents,” of this species have a distinct 
sausage shape. The parasite elongates to form rounded ends (Figs. 23-25). 
The tightly stretched membrane of the red cell may be seen occasionally 
in the concavity of a mature gametocyte (Fig. 20). During the growth 
process, the single mass of chromatin and pigment become aligned in the 
center of the body. Slight differences in size, shape and stainabiiity aid 
in distinguishing the two types of gametocytes (Figs. 20 and 28). These 
sexual stages are not always found in the peripheral blood. In a primary 
attack they seldom are found before the tenth day after the initial par- 
oxysm. In terms of total parasite count, which may reach 300 to 500 
thousand per c.mm. in acute cases, they may be non-existent or occur in 
great numbers. 


Legc>~d fob Plats IV. — P. max 

1 Normal sued red cell with marginal ring form trophozoite- 

2 Young signet ring form trophozoite in a macrocyte 

3 Slightly older ring form trophozoite in red cell showing hasophihe stippling 

4 Poly chroma tophihe red cell containing joung tertian parasite with pseudopodia. 

5 Ring form trophozoite showing pigment in cytoplasm, in an enlarged cell containing 
Schuffiier’e stippling * 

6. 7. Very tenuous medium trophozoite forms. 

8 Three ameboid trophozoites with fused cytoplasm. 

9. 11, 12. 13 Older ameboid trophozoites in process of development. 

10. Two ameboid trophozoites in one cell. 

14 Mature trophozoite 

15. Mature trophozoite with chromatin apparently in process of division. 

16, 17, 18,19. Schizonts showing progressive steps m division (" presegmenting schizonts”). 
20 Mature schizont. 

21,22. Dev eloping gametocytes. 

23. Mature microgametncyte 
24 Mature macro gametocyte. 

* Schilffner's stippling does not appear in all cells containing the growing and older forma 
of P max aa would be indicated by these pictures, but it can be found with any stage from the 
fairly young ring form onward. 

Reproduced with permission from the Manual for the Microscopical Diagnosis of Malaria 
m Man, National Institute of Health Bulletin No, ISO. CBy Aimee Wilco*-) 
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2. Plasmodium Vivax.— This species is a common parasite, causing 
benign tertian malaria. AH stages of the asexual cycle develop in the 
peripheral blood, requiring forty-eight hours for completion of the cycle. 
During the initial paroxysms, young and fully grown stages may occur 
simultaneously in the blood stream, but then the cycle synchronizes or 
‘‘gets in step” with the majority of the parasites maturing at the same 
time; a fact which is the basis for the typical fever cycle of tertian malaria. 

The "rings" of this species (Plate XV, Figs- 1-3) are slightly heavier 
than those of P./afctparum and only rarely does one find a cell cont;dmvi<T 
two "rings." . 
tion of fine do 

plasm (Figs. 5 - • 

which persist in the parasitized cell, are diagnostic of the species. 

jcyte, and loses its vacuole 
Yellowish -brown pigment 
. . „ r . ... -13) and increase in number 

as the parasite becomes older. Division of the chromatin mass begins 
after the parasite practically fills the cell. Twelve to twenty-four masses 
(average 16) of chromatin are produced in the schizont to form the seg- 
menter (Figs. 16-20). When segmentation is complete, the cell membrane 
ruptures to release the merozoites and the massed pigment granules into 
the plasma of the blood. The cycle then is repeated as die merozoites 
parasitize more normal red blood cells. The density of infection seldom 
exceeds 100,000 per c.mm. of blood. 

The sexual stages or gametocytes of P. vitax may be found in the blood 
during the first or second paroxysm. These stages are spherical, almost 
filling die red cell and containing only one chromatin mass and pigment 
granules, which are diffusely scattered throughout the cytoplasm of the 
parasite. Although it is difficult to distinguish fully grown trophozoites 
from immature gametocytes, the mature micro- and macrogametocytcs 
have characteristics which differentiate them (Figs. 23-24). 

3. Plasmodium Malarias. —This species causes quartan malaria, with a 
typical asexual cycle of seventy-two hours. The “ring" forms (Plate V, 
Figs. 1 to 5) are very similar to those of P. vivax, but this parasite does 
not cause enlargement of the erythrocytes or the formation of “Schuffner’s 
granules.” The growing trophozoites frequently assume an equatorial or 
band-like position in the red cell (Figs. 6, 10, 13). This characteristic is 
diagnostic and persists during the growth of the trophozoite. Young et alS 
have shown that the trophozoite stage exists for 54.2 hours, young schizont 
for 10,4 hours, and the segmenter for 7.4 hours. 

P. malarix produces a smaller number of merozoites, 6 to 12, which are 
usually arranged in a “rosette" form around the central mass of pigment 
(Fig. 20). The pigment granules of this species are very coarse and dark 
brown in color. 

Since the density of parasites in quartan malaria seldom exceeds 20,000 
per c.mm., there is a basis for the relatively scant numbers of gametocytes 
produced. The gametocytes are spherical in shape almost filling the red 
blood cell (Figs. 21 to 24). Except for the coarser pigment and smaller 
diameter, their characteristics are similar to those of P. virax. 

4. Plasmodium Ovale.— The evidence now available has established the 
specificity of this parasite. This organism causes a mild infection with a 
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typical forty-eight hour cycle. The characteristics of the parasite (Fig. 71) 
are somewhat similar to those of P. malarias, but the effect in the red 
cell resembles more closely the appearance produced by P. vitax. The 
red cell enlarges to assume a specific ovoid shape with an irregular fringed 
margin. “Schiiffner’s granules” are present in almost 100 per cent of 
the infected erythrocytes. Although the trophozoites and schizonts do 
not assume a band-like position and the pigment is not as coarse, the 
segmenters resemble those of P. malarix and produce approximately the 
same number (8) of merozoites. 
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Fio. 71 —Asexual stages of Platmodium male The characteristic oval shape and dense 
stippling of the infected red cell can be seen. X1100. 

The gametocytes cannot be distinguished from those of P. rivax. The 
presence of "Schiiffner’s granules” and the enlarged erythrocyte differ- 
entiates them from P. malarix. Mosquitoes have been infected with P. ovale 
and experimental transmission of the disease has been achieved. Through- 
out the experiments, the parasite has maintained its characteristics and 
the disease has been consistent in its clinical features. 


Legend for Plate V. — P. malanx 
t. Young ring form trophozoite of quartan malaria 

2, 3, 4 Young trophozoite forms of the parasite showing gradual increase of chromatin 
and cytoplasm. 

5. Developing ring form trophozoite showing pigment granule. 

0 Early band form trophozoite — elongated chromatin, some pigment apparent. 

7, 8, 9, 10, 11, 12. Some forms which the developing trophozoite of quartan may take. 
13, 14 Mature trophozoites — one a band form. 

15, 16, 17. 18, 19 Phases in the development of the achixont (“presegmentmg schizonts ). 
20 Mature schizont. 

21. Immature microgametocyte 

22. Immature macrogame to cyte. 

23 Mature microgametocyte. 

24. Mature macrogametocyte 

Reproduced with permission from the Manual for the Microscopical Diagnosis of Malaria 
in Man, National Institute of Health Bulletin No. ISO By Aimee it cox. 
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II. Differential Diagnosis.— In attempting to arrive at a specific diag- 
nosis of malaria parasites, an important point to remember is that the 
parasites go through a constantly changing periodic cycle of development 
in the blood or internal organs of the host. The process is not static and 
if a decision cannot be made from a single blood sample, additional films 
should be made at intervals and particularly at a time of the cycle when the 
diagnostic stages can be obtained. For example, the characteristic tropho- 
zoites of P. vivax are obtainable up to twenty-four hours after the paroxysm. 
The band-forms of P. malartx from twenty-four to sixty hours after the 
paroxysms and the “segmenters” approximately sixty-fix c hours after 
the paroxysm. In cases of chronic malaria, persistent search of consccuti\ c 
blood films is frequently necessary before the parasites are found- Unsus- 
pected cases of latent malaria are occasionally discovered when an infected 
individual gives blood for a transfusion. 

Double infections with one species may also be present in the same 
patient. If the parasite involved is P. vivax, a cycle of the development 
may be completed each day to give a “double tertian” or quotidian fe\ er. 
Mixed infections of two species or e\cn three may be contracted by the 
same patient in countries where two or more, species arc pre\ alcnt. Con- 
secutive attacks with different species of plasmodia arc also common in 
highly malarious countries, but there is evidence to show that these 
patients harbor mixed infections and only show attacks of a single species 
because of species antagonism, first allowing one and then the other to 
dominate. 

Under the above description of each parasite, the \arious stages which 
arc diagnostic were indicated. Frequently in routine diagnosis, the typical 
textbook diagnostic stages are not found. Nevertheless, if the examiner is 
thoroughly familiar with the morphology and development of each parasite 
in the human host, the stage of the parasite and the species can usually 
be determined without any difficulty. 

For P, n'rax, the enlarged red cell, “Schuffncr’s granules,” amoeboid 
appearance of trophozoite, characteristic appearance of the scginenter 
and numbers of merozoites arc diagnostic. 

Foe J\ malaria:, no enlarged ml cell, no stippling, the equatorial or 
band-form of trophozoite, coarse brown pigment, and the characteristic 
appearance of the segmenter in a “rosette” form with the production of 
0 to 12 (average 8) merozoites arc diagnostic. 

For P. falcijtarum, no enlarged red cell, Maurer's dots (may not be 
present), multiple infection of ml cell with “rings,” absence of older 
asexual forms in the peripheral blood, and the sausage-shaped or “crescent” 


If u sjwcific diagno-is is difficult to make in the center of the film, parasites 
at the margin usually maintain their form ami can be identified mure casilv . 
When onlv “ring” forms are present, it is particularly nvcvvarv to find 
and identify the multiple all infection of i\ falni*irutn at the margin. 
•Tn-MX-m.s” of P.faldjKirum (Mate VI) arc easily identified when prtHiit. 
The “tfdifltlnera granules” and shape of the trophozoites and schizonts of 
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P . r iiar (Plate VII) help to identify tertian malaria. The stages of P. 
malarix are usually the smallest with coarse pigment, and with either the 
band-like form of the trophozoite or “rosette” segm enter (Plate VIII) 
present to aid in the diagnosis. For more complete descriptions, the papers 
of Field and Le Fleming 1 and of Wilcox* contain detailed accounts. 

III. Puzzles and Sources of Error in Diagnosis.— Clinicians and medical 
officers frequently request confirmation of a diagnosis of malaria. All too 
frequently, negative films are reported as positive and errors on the 
part of the original examiner are traceable not only to lack of knowledge 
about the parasites, but to errors in technic or to the presence of abnormal 
blood cells, bacteria, fungi, and extraneous debris that was picked up 
during the staining process and storage of films. 

Blood platelets superimposed on red blood cells may be mistaken for 
malaria parasites. Abnormal and enlarged platelets are diagnosed as 
“crescents” of P. falciparum, even though their size is much smaller. 
Free-living protozoa, growing in the buffered water, or contaminating 
staining jars cause difficulty in the tropics. Films prepared in the field 
under a variety of atmospheric conditions may contain bacteria, yeasts 
and fungi which settle on them from dust-laden air during the drying pro- 
cess. In areas where leishmaniasis occurs, Lelshman-Donovan bodies 
which are free in the blood plasma, superimposed on red blood cells, 
or present in fragments of macrophages, may lead to confusion. In other 
words, a variety of objects may simulate the appearance of malaria para- 
sites in stained blood films. Xo diagnosis of malaria should be made unless 
the parasite can be definitely identified. If there is any question of identity, 
additional films should be obtained and examined. 
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Laboratory Diagnosis of Malaria 

Malaria, a disease produced by four distinct species of parasites, causes 
a great variety of clinical symptoms and atypical states of infection. In 
latent malaria, no symptoms max- occur for a long period of time. Clinical, 
pathological and physiological studies are not of specific value for diag- 
nostic purposes. Consequently, a diagnosis of malaria is entirely dependent 
at the present time on finding and identifying the parasites in the blood. 

The current laboratory methods of preparing thin and thick films and 
the satisfactory staining of these films have become simplified enough to 
be mastered by anyone with facilities for using the microscope. Routine 
methods for the preparation of thin films for blood studies may be followed 
but a special thick film technic is now practised by malanologists for 
routine diagnosis and conduct of surveys. The latter method is advan- 
tageous for the discovery of a low concentration of parasites and for saving 
time in conducting the examination. The thick film technic is also extremely 
valuable in the diagnosis of relapsing fever and trypanosomiasis. 
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I. Preparation of Films.— -Thin films should be prepared on microscopic 
slides or cover glasses that are scrupulously cleansed of dirt, dust and 
grease. In making the film on a slide, the slide for spreading the blood 
should be brought in gentle contact with the drop at a 30 degree angle 
and then with an even motion the film is spread. Under no circumstances 
should the slide for spreading the film be pushed through and across the 
drop of blood to crush the red blood cells. The thin film should dry quickly 
and show a single layer of well separated erythrocytes. 

The thick film, a concentration method, is prepared by placing a large 
drop of blood on a thoroughly clean slide and then with the corner of 
another slide, a needle or other instrument and a rotating motion, the 
drop is spread so that the erythrocytes are several layers thick in the 
center tapering off to a single layer at the margin One should be able to 
read print or see the hands of a watch through the thickest part of the 
film. The film should dry flat and be protected from dust and flies during 
the process. If the film is to be stained as quickly as possible, or if films 
are being made in the humidity of the tropics, place in an incubator at 
37° C. for one hour, otherwise at room temperature overnight. The film 
should not be heated to a higher temperature to hasten the process because 
the cells will be fixed and dchemoglobinization of the red blood cells will 
be prevented during the staining process. The films should be stained 
preferably within forty-eight hours because of degenerative changes which 
take place in the blood drop. 

Thin and thick films may be placed on the same slide to facilitate the 
verification in the thin film of parasites found in the thick film. This 
procedure is also economical in conducting large surveys. All slides should 
be carefully labelled with a diamond or wax pencil, or a sharp lead pencil 
may be used to write the legend on the thin film. 

II. Staining.— Any polychrome or Romanowskv stain such as Wright’s, 
Leishman’s, Hastings’ or Giemsa may be used to stain malaria parasites. 
Of these stains, Giemsa is used most widely, because of the greater pre- 
cision and differentiation obtained between structures of the parasites 
and the hpst cells. After the choice of stain is made, the required technic 
should be mastered so that no infections are missed because of faulty 
teclmic. Wright’s staining technic, in particular, should work w ell before 
being used for the diagnosis of malaria parasites. Prior to tiie present 
war, Grubler’s Giemsa stain of German origin was highly satisfactory 
and easily obtained. As a result of the deserving efforts of Roe, Lillie, 
and Wilcox* 4 certified American-made Giemsa stain is now available 
(National Aniline and Chemical Co., Inc., X. Y.) for the procedure. This 
stain may be used for thin and thick films or combined with Wright’s 
stain for a rapid technic in staining thick films. 

Giemsa Stock Staining Solution . — Dissolve 0 5 gm. of powder (National 
Aniline and Chemical Co., Inc., N. Y.) in 33 cc. of gl> cerol (pure reagent) 
at 55° to GO 0 C. for one and a half to two hours. To this add 33 cc. of 
absolute methj 1 alcohol (acetone free). Mix thoroughly anti allow* to 
sediment overnight in a desiccator to prevent absorption of moisture. 
Pour off into small bottles (30-cc.) anti stopper tightly. To use, various 
dilutions of stain, up to 3 per cent with buffered water may be made to 
obtain the desired results. 
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Wright-Gicmsa Stain.*— Dissolve 2 gm. Gicrasa ponder (National 
Aniline Chemical Co., Inc., N. Y.) in 100 cc. glycerol (C. P. from a freshly 
opened bottle) with the aid of heating in a water bath at 55° to GO 0 C, 
for two hours. Precautions must he taken to avoid absorption of moisture 
during the process and when the mixture is stirred at intenals. To this 
mixture add 100 cc. of Wright’s staining solution (aged solution of 2 gm. 
powder [National Aniline Chemical Co., Inc., N. Y.J to 1000 cc. absolute 
methyl alcohol [acetone free]). Let stand oicmight and then add an 
additional 800 cc. of aged Wright’s staining solution. Filter and use. 

Buffer Solutions.* —I. Field and he Fleming Method: 1 

Dissolve O.So gm. NajIIPO* (anhydrous) (if NajIIPCVIIjO or 
NaiIIPO|*12IIjO are to be used, quantity of salt must be recalculated) 
and 0.4 gm. KII3PO4 in 1 liter of distilled water. This solution should 
have a p] I of 7 to 7.2. If a different pH is desired the quantity of the salts 
is changed according to Sorenson’s buffer standards. 

2. Wilcox and Logan’s* Method: 


pH 
7 0 


KailU'Ot (anhydrous) 
O.j Va.Hi ter 
. 61 1 cc. 


pumw 
900 cc. 


Thin films should be fixed for two to the minutes in absolute methj I 
alcohol (acetone free) before staining with Giernsa. The freed thin films 
and the unfixed thick films are then placed in a 2 per cent Gicmsa stain- 
ing solution (1 part stain to 49 parts neutral buffered water) for forty- 
five minutes. To stain thin films in thirty minutes, use a 3 per cent solution 
of stain. Dehcmoglobinization of the erythrocytes and staining of the 
parasites in the thick film take place simultaneously. 

Upon removal from the stain, thin films should be dipped quickly two 
or three times in neutral buffered water. The thick films should be allowed 
to stand in neutral buffered water for three to five minutes for differentia- 
tion. The slides are then drained, but not blotted, and dried quickly. An 
electric fan is satisfactory to use, but heat is not advised. 

Convenient containers for the staining solution may be obtained and 
kept on hand for use with various numbers of slides. For staining the 
quantity of slides that must be examined in malaria surveys, special stain- 
ing racks holding 25 or more slides can be made. The method of Barber 
and Komp is also highly satisfactory. Inch squares of cardboard are 
placed between the slides to hold them apart at the ends opposite to the 
films and in this manner 25 or more slides may be held together in a block 
by a piece of heavy paper and rubber band. The block of slides is then 
placed upright in the staining solution for the required time. 

A rapid method for staining thick films has been developed.* Thick 
blood films are dried in an incubator at 37° C. for one hour or with an 
electric hand hair dryer. The Wright-Giemsa stain is diluted 1 to 9 with 
the neutral buffered water. The slides are stained for ten minutes in this 
solution. The scum which forms on the surface of the stain is flooded off 
with neutral water and the films are then allowed to stand for one minute 
in neutral buffered water. Dry and examine. 

* Note These mixtures should be prepared each week or be protected from absorbing 
COx which will change the pH. 
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The stain, in both procedures, should be used only once. Careful atten- 
tion must be paid to keep the glassware clean and to dilute the stain 
properly for the prevention of troublesome precipitation. 

The stained thin blood film is the method of choice for studying the 
morphology of malaria parasites and for the novice to arrive at the dif- 
ferential diagnosis. Nevertheless, the thick film technic is necessary to 
find the organisms in low-grade infections and to save time when large 
numbers of films must be examined. Since it has been estimated that an 
individual can examine from ten to fifty times more blood in a thick film 
in a given amount of time, three to five minutes for the systematic examina- 
tion of a thick film is considered ample for a skilled microscopist. This 
time is in great contrast to the twenty to thirty minutes for the systematic 
search of a thin film. Experience in thick film examination is necessary 
before an individual can make a reliable diagnosis of malaria. The method 
morphology of the parasites slightly so 
that seen in a thin film. If the examiner 

* 0 . „ . lorphology of human plasmodia, a little 

practice with the thick films will soon lead to proficiency and accuracy in 
diagnosis. The method has so many advantages that it should be mastered 
and utilized by all individuals and laboratories called upon to make fre- 
quent or occasional examinations of blood for plasmodia. 

III. Counting of Malaria Parasites.— In the control of induced malaria, 
and in clinical and epidemiological studies, quantitati\ e knowledge about 
the concentration of parasites in the peripheral blood is essential. Since 
the live parasites are not visible in all their intracellular stages, counts 
must be made from stained films. Two methods are used to make such 
counts: (1) The expression of parasite number in some chosen unit of red 
blood cells, generally 10,000 erythrocytes, or (2) counting of the parasites 
in a given volume of blood stained by the thick film technic. 4 Both methods 
lme their uses, advantages, and disadvantages, but the desired result is* 
obtainable by cither technic. 

1. Thin films are prepared (preferably on co\cr glasses) and stained by 
the usual technic. Ordinarily the parasites are counted in 500 to 1000 red 
blood cells and then the total number is expressed in terms of 10,000 
erythrocytes. However, if the number of parasites is small, the blood 
sample to be counted should be larger, 2000 to 3000 red blood cells. To 
have no more than a 10 per cent error in the count, the use of the following 
formula will give the number of erythrocytes to be counted: 

N equals 15.95-1 -jp with N equal to the number of red blood cells, P 

equals parasites per sample and I equals the sample unit (10,000).* 

In using this method, care must be taken to systematically examine a 
swath across the width of the film. Parasitized cells arc found in greater 
number near the margins of films on slides than in the center. 

2. The following method is a modification of Earle and Perez (1932) 
and is quoted from Wilcox and Logan (Symposium on Human Malaria, 
1911):* 

“Five cubic millimeters of blood are taken in a special pipet and spread 
ctenly over an accurately measured 3 x 15 nun. area on a clean slide. 
(This may be marked on the slide by ruling instruments hating diamond 
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points set at the exact distances.) When dry the smear is stained like any 
other thick film. Preliminary' to enumeration the microscope is calibrated 
as follows: A Howard disc with a ruled square is inserted in the ocular. 
One side of the large square is measured with a slide micrometer and the 
area of the field covered by the square computed in square millimeters. 
The number of fields to be counted in order to cover one square millimeter 
is ascertained by dividing one square millimeter by the area of one square 
microscopic field. For example, since 5 cubic millimeters of blood are 
deposited on 45 square millimeters of space, 5 divided by 45 equals .11, 
which is the portion of one cubic millimeter of blood spread over one 
square millimeter. Then also since 1 divided by 0.11 cubic millimeters 
equals 9 (the number of square millimeters canying a blood volume equal 
to one cubic millimeter), the number of parasites counted in the required 
number of microscopic fields to equal one square millimeter is multiplied 
by 9 to obtain the number of parasites per cubic millimeter. The requisite 
number of fields is selected from different parts of the smear to make the * 
count as representative as possible. If count runs high, fewer fields are 
examined and an estimation made for the required number of fields." 
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DISSECTION OF ANOPHELINE MOSQUITOES FOR 
MALARIA PARASITES 

Since no true prophylactic drug is known for the prevention of malarial 
infection, measures for the control of the disease have been directed against 
the transmitting vectors or anopheline mosquitoes which have a variety of 
different habits and modes of life. Xot all anopheline mosquitoes in a 
git en endemic area are responsible for transmission, in fact relatively few 
species are efficient vectors. Thus it is necessary to discover the species 
responsible for the spread of disease so that control measures can be con- 
centrated intelligently and efficiently against the right species. 

Information concerning mosquitoes and malaria in tropical and sub- 
tropical countries, where troops have to go, is frequently scant or non- 
existent If the area involved presents a potential malaria problem, efforts 
should be made to determine the species of anophelines present during 
various seasons and the species that transmit malaria. The determination 
of species requires an entomologist or technician trained in the identifica- 
tion of mosquitoes, but the laboratory technician should know: (I) how 
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to preserve anti ship adult mosquitoes so that they may be identified, and 
(2) how to dissect an anopheline mosquito and examine it for malaria 
parasites. 

I. Preservation and Shipping of Mosquitoes.— The ability to recognize 
.in adult anopheline mosquito and determine its sex is assumed. (Reference 
to the entomological section of this manual will provide identifying char- 
acters.) Adult mosquitoes may be shipped alive in individual glass vials 
(S x 1.5 cm.) to a nearby laboratory.* If vials are properly prepared with 
moist cotton in a one-hole cork, and a strip of blotting paper Hedged inside 
along the length of the vial, mosquitoes will survive up to three days. 

Shipping of killed mosquitoes is preferable because live infected mos- 
quitoes may escape in a non-infected area and because wing scales needed 
for specific identification are better preserved. The anophelines are killed 
in a test tube or vial with chloroform fumes, exposing them for at least 
several minutes to definitely kill them. Individual mosquitoes are then 
carefully placed between layers of cotton, lens paper or other soft paper 
in a pill box (11 inches in diameter by f inch deep) or other suitable con- 
tainer so that they will be firmly held in place. Three to six mosquitoes 
arc sufficient for one box. Crowding will only lead to the rubbing off of 
wing scales needed for identification. In the tropics or humid climates, 
the use of a few napthalcne or paradichlorobenzene flakes or a minute 
drop of creosote in each box will help prcserVc the insects. Labels con- 
taining collection data (locality, where caught, date, etc.) should accompany 
each box. 

II. Dissection. — The fundamental purpose of dissecting wild female 
anopheline mosquitoes or anophelines experimentally infected is to deter- 
mine the infection rate of plasmodial oocysts on the stomach and of sporo- 
zoites in the salivary glands. Many methods arc suitable for the procedure 
and skill is quickly obtained after a short period of practice. 

Materials needed for dissection are a compound binocular dissecting 
microscope or dissection microscope with a simple lens, 7-20x magnifica- 
tion; a compound microscope; dissecting needles (straight surgical needles 
fixed in a handle and ground to a point or sharp blade) ; cure cd fine-pointed 
dissection forceps; co\cr glasses; microscopic slides; physiological saline 
solution (plain and tinted with methylene blue solution) ; Bunsen burner or 
alcohol lamp and filter paper.* 

Kacli mosquito to he dissected is caught in a test tube and killed with 
chloroform just before the procedure is started. The legs and head are 
cut off, but the wings arc kept intact. Place the mosquito, neck to the 
right, in a small shallow drop of tinted saline on the uiiini'copic slide. A 
cover glass is held over the thorax ns shown in Figure 72 and released . 
The thoniX is held bv the needle in the left hand. Gently press the cover 
gl.»vi with the forceps to press out the paired trilolnd salivary glands as 
the thorax is pulled away from the cover glass. 1/ the glands do not crime 
out, they may be teased out of the thorax. Fat and debris may partially 
obscure the glands, hut gentle raising and lowering of the cover glass will 
wadi them free. Fxcrss liquid may l»e drawn oil with filtir paper to 
facilitate examination. 

To dissect the stomach, place the aldomrn in a •Ii-ijkt part of the 
saline drop. Hold the mosquito by means of a nitrile in the right land. 
With the needle in the lift hand, nick the seventh and eighth segments 
U 



(H2 


BLOOD PROTOZOA 


above and below. Then insert the point in the last segment and pul) 
gently to draw out the stomach and Malpighian tubules. Cut off the 
tubules, sever the fore and hind guts close to the stomach and transfer 



Fiq. 72 —Method of holding needle, forceps and co\er glass m the dissection of the saluary 
glands (Barber and Rice, courtesy of .tin. Jour. Hj g ) 

the stomach to a clean drop of saline. Add a co\ er glass and if the stomach 
is too contracted, warm the slide carefully to expand the organ for examina- 
tion. 



the sporozoites or oocysts. The sporozoites are slender fusiform bodies 
about 12 to 14 p in length. 'They are not always identified easily so that 
making of a dry film and staining with Wright’s or Giemsa’s stain will 
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help verify the diagnosis. The chromatin mass in the center stains red 
and the cytoplasm stains blue. Wet fixation of films with Schaudinn’s 
fluid plus 5 per cent glacial acetic acid and staining with Heidenhain’s 
iron-alum hsematoxylin is also satisfactory. 

The fresh preparation of the stomach is examined with a similar lens 
< ombination to discover the presence of spherical or ovoid oocysts which 
vary from 5 to 50 n in diameter. Young oocysts may be identified by the 
presence of unmistakable pigment granules which were carried along from 
the gametocyte stage. Mature cysts have a characteristic striated appear- 
ance caused by the arrangement of the sporozoites. The posterior end of 
the stomach usually contains the greater number of oocysts and frequently 
staining procedures are needed to detect light infections or very young 
oocysts. 

Fixation and staining of stomachs as whole mounts may be performed 
without removing the cover glass from the fresh preparation or they may 
lie fixed immediately after dissection and transferred from one solution 
to another in vials or watch glasses with a pipe t. 14 Schaudinn’s fluid plus 
» per cent glacial acetic acid or modified Bouin’s fixative (saturated aqueous 
solution picric acid 75 cc., formalin 15 cc., glacial acetic acid 10 cc., warm 
and add 1 gram of urea crystals; stir until dissolved) give satisfactory 
fixation in five minutes. Wash in 50 per cent alcohol for several hours 
or preferably overnight to remove fixative. Stomachs with oocysts 
may be stored in 70 per cent alcohol. Before staining transfer to dis- 
tilled water and then to a 1 to 10 dilution of Mayer’s acid hcmalum* for 
•me hour. Kcmovc and wash in 1 per cent solution of acetic acid three to 
five minutes, then neutralize in 1 percent sodium carbonate (color changes 
to blue). Dehydrate by passing through ascending grades of alcohol, 
clear in carbol-x> lene, then xylene and mount in gum dammar or clarite. 
I'pon examination, the oocysts are stained more darkly than the wall of 
the stomach. 
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clinical anti laboratory findings in the malaria therapy of ncurmyphilu 
can be included here. Only information pertinent to the choice of malaria 
species, inoculation, course, control, and termination of the infection is 
Riven. 

I. Choice of Malaria Species.— 1 The four species of human malaria para- 
sites June been used for malaria therapy although benign tertian malaria 
(i\ rimx) is the mfeettou of choice for white patients and quartan malaria 
(/*. malaria) for colored patients. NVgrocs exhibit a certain degree of 
natural resistance to P. rirax infection. -Malignant tertian (1*. falciparum) 
malaria can be used in both white and colored patients, but since it is 
pathogenic and highly invasive, control is more difficult and a constant 
check of parasite count is required for safeguarding the patient. Indi- 
viduals coining for treatment from endemic malarious areas might he 
resistant to infection with certain strains because of acquired immunity. 
In such refractory eases a different species or strain should be utilized to 
produce infection. 

Although indigenous naturally acquired strains can be used to induce 
malaria in paretics, strains of known clinical and therapeutic behavior 
hn\ e definite advantages for use. 

The most widely used strains in this country include the McCoy, Cleve- 
land nml St. Elizabeth strains of P. rirax. the U. S. Public Health Service 
and Jones strains of 1*. malaria and the lamg strain of P. falciparum} If 
none of these strains or other strains carried along in large hospitals are 
available for use ami it is necessary to employ a new strain, ever)' effort 
should be made to detect the presence of P./ulcijHirum because its inherent 
pathogenicity iiw oh es much greater risk as a therapeutic agent. 

II. Inoculation of Patient.— Two methods can be used to induce 
malaria: (1) direct inoculation of infective blood, and (-) natural inocula- 
tion by the bite of infected nnophelinc mosquitoes. The first method is 
the most practical and easy to u^c, since the second method requires the 
breeding of mosquitoes in an insectary, a patient with sufficient garoeto- 
cytcs in the peripheral blood to infect mosquitoes, and then the feeding and 
maintenance of the insects under carefully controlled conditions for ten 
to thirty da>s to allow the completion of the sexual cv cle and development 
of sporozoites in the salivary glands. 

For direct inoculation, blood from a patient with a typical infection ** 
drawn and injected into a recipient immediately, or defibrinated with 
glass beads or coagulation is prevented by the use of sodium citrate (1 cc* 
of a 2.5 per cent solution for every 10 cc. of blood). The amounts used 
for inoculating the recipient may vary from 1 to 10 cc. Unless larger 
amounts are used, blood tjping is not generally necessary, although the 
use of matched blood whenever possible is to be preferred, blood can 
be stored for future use at 4° C. (40° R) in scrum vials and will remain 
infective up to a period of two weeks. Special containers are needed for 
shipping blood so that parasites remain viable. 4 

The blood may be inoculated by intraderroal, subcutaneous, intra- 
muscular or intravenous routes. Intravenous inoculation is most commonly 
used and this method generally has the shortest incubation period. The 
incubation period is also dependent, bowev er, on the number of parasites 
inoculated, the species of malaria and the natural resistance of the patient* 
When 5 to 10cc, of infected blood are inoculated intravenously, the incuba- 



TECHNIC OF INDUCED MALARIA G45 

t ,( m period of tertian malaria is about seven days, quartan malaria ten to 
•i Tty days or more and malignant tertian malaria about seven days, 
borage or shipping of blood reduces the number of viable parasites and 
onsequently will lengthen the incubation period. In every case a period 
.t at least three weeks should be allowed for the development of infection 
before reinoculation. As stated previously, if the patient develops no 
malaria, another species or strain of a species should be given a trial. 

Natural inoculation of patients with infected mosquitoes lengthens the 
incubation period and usually produces a more severe disease. Further- 
more, the naturally induced infection is more difficult to control and 
terminate with untimaiarial drugs. Sporozoites from macerated salivary 
glands of infected mosquitoes may be used to induce infection, hut this 
procedure has similar drawbacks, besides being impractical for usage in 
uost hospitals. 

III. Course and Control of Infection.— Examination of the blood of 
patients inoculated by any of the above methods frequently reveals the 
presence of parasites one to several days before clinical symptoms begin. 
The thick film method is used for this examination and the information 
about appearance of parasites is valuable to the clinician. The early febrile 
reaction and paroxysms (100° to 101 ° F.) coincide with the presence of a 
variety of parasitic stages in the blood. After several paroxysms, the 
developmental cycle of the parasites becomes synchronous or “in step" 
and typical periodic paroxysms occur. It must he remembered that daily 
or quotidian paroxysms can be more common than the typical periodic 
paroxysms. In tertian malaria the typical paroxysm starts with a sharp 
shaking chill associated with a rapid rise m temperature to 101° to H»0° F. 
The peak of temperature is maintained for one to three hours after which 
it falls gradually’ to normal. Profuse sweating occurs accompanied by 
malaise, severe headache, anorexia and exhaustion. Only those paroxysms 
arc counted which produce a temperature of 101° F. or over. 1 The debil- 
itating effects of daily paroxysms may require the temjxir.iry interruption 
of a course of malaria therapy. A single intramuscular injection of 0.- gin. 
of sodium bismuth thioglyeollate (thiobisinol) will produee such inter- 
ruption, permitting the patient to recuperate sufficiently to continue with 
his course of malaria. The thiobisinol should be given not more than ten 
hours before the next febrile attack, so that it will take out one of the cycles 
of a double tertian infection or prevent one pan>\y -in in a single tertian 
infection. A respite from febrile attacks lasts about one to five day «. This 
discovery of Schwartz,* Cole et «/.* is a very important one and allow* the 
continuation of malaria therapy with I*, finer in lutienUt who could oilur- 
wisc not withstand the severity of quotidian paroxysms. I’nfortunately 
thiobisinol appears to have little effect on /*. malanx and /’ falcijMintin. 1 

No agreement exists among clinician* almut the uuinlnr of paroxysms 
necessary for optimum thcrjjH’iitic results. Numbers varying from S to IfO 
are eoimnonly permitted after winch time the di-case is tirminatcd with 
suitable do-ages of antimalarial dnigs. Actually a huiiiIkt of condition* 
detennine the time of terminating the dwa-e. Tlie physical condition of 
the {valient, the intensity and elleets of the febrile rvactiutu play a role in 
making the decision. ThehvM.rnuml>iTofpiruxy -mi isu-uaHy advocated 
in hospitals where n«> counts of parasites |*r omii. arc made. This pro- 
cedure is unfortunate because a patient who can take nine juruiyinis for 
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their beneficial therapeutic effect should not hate the malaria terminated. 
The counting of erythrocytes, white blood cells and malaria parasites 
should be done at regular intervals and urinalysis should be carefully per- 
formed. When these vital laboratory tests are performed the optimum 
benefits and hence paroxysms from therapeutic malaria can be provided 
for the patient without undue risk. Overwhelming infections with parasites 
are detected when they occur and the severity of the developing anemia 
is known. High parasite counts and severe anemia along with unremitting 
pyrexia, rapidly enlarged and tender spleen, exhaustion, cardiac and renal 
disturbances, cyanosis, edema, convulsions, increased blood urea, develop- 
ment of another disease, severe jaundice and rapid debilitation are the 
principal indications for termination of the malaria. 

Induced malaria, particularly tertian malaria, will frequently abort or 
terminate itself clinically before the desired numbers of paroxysms have 
occurred. In such cases, the parasites may persist in the peripheral blood 
for some time but different strains of the same species or quartan malaria 
can be reinoculated into white patients and malignant tertian in negroes 
to produce additional paroxysms. 

Xo generalizations can be made about the treatment of induced malaria 
because of the variable reactions of strains to quinine and atabrine. Many 
strains being used for induced malaria are very' susceptible to quinine but 
a safe procedure includes adequate treatment of the infection and even of 
spontaneously terminating cases to prevent relapses and persistence of the 
parasites as latent malaria. A safe treatment is 10 grains of quinine three 
times a day for four days followed by 10 grains a day for eight weeks. For 
quinine resistant strains atabrine in 0.1 gm. amounts three times a day 
for fit e days is satisfactory. In case a patient with P. falciparum is to be 
treated, a course of plasmochin to sterilize the gametocytes should follow 
the quinine or atabrine. 

Every effort should be made to keep patients in screened wards until 
the infection has been cured. Statements have been made about strains 
of plasmodia losing their ability to produce gametocytes after direct 
inoculations from patient to patient over a long period of time. Unless a 
competent malariologist has examined infected blood for gametocytes on 
several occasions, the safest procedure is to confine all patients in efficiently 
screened quarters where no anopheline mosquitoes can reach them. Of 
course, in places such as the northern United States where no anopheline 
mosquitoes breed during the winter months, confinement to screened 
quarters is necessary only during the breeding season in the summer. 
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IMMUNOLOGICAL REACTIONS IN MALARIA 

Within recent years, significant advances have been made in our .knowl- 
edge of immunity in malaria. Immunity in this infection has been JittJe 
understood, and has even been questioned, but the results achieved offer 
new encouragement and methods of approach for an eventual solution of 
unsolved problems. Practical application of certain immunological tests, 
which have been worked out experimentally, has been attempted on a 
small scale. For that reason, the following tests are outlined to provide an 
approach, if nothing more, to the future development of less complicated 
and precise procedures. 

Studies on human, simian and avian malaria have proved that immunity 
is acquired during the course of an infection. The persistence of the acquired 
immunity is apparently dependent upon the presence of parasites in the 
body, and is thus variously named “premunition ” or “ infection immunity.” 
Antibodies which are produced can be detected by complement fixation, 
agglutination and precipitation reactions. Skin tests have not been suc- 
cessful. 

Cellular reactions are also a part of the immune response. Proliferation 
and activation of the lymphoid-macrophage system for increased phago- 
cytosis begins very soon after the initial paroyxsm of the infection. The 
great increase or hyperplasia of reticulo-endothelial cells in the spleen, 
causes the progressive enlargement of that organ or splenomegaly. Appar- 
ently the cellular immunity of the host is not independent of humoral 
immunity, but the two interact to determine the degree of protection 
acquired by the host during the course of the disease. Infection and 

order to obtain some 
sease. 

. r against the infecting 

strain of parasite, failing to protect against a heterologous strain of the 
same species. Evidence for this has been obtained from studies with induced 
human and experimental simian malaria. The existence of strains of each 
species of parasite helps to explain the variable virulence of the same 
species from different countries and also the immunity of a native popula- 
tion to local strains and susceptibility to strains from another area. 

I. Complement-fixation Reaction.— In 193S, the complement-fixation 
reaction was placed on a practical basis. 1 -* The simian parasite, Plas- 
modium knoiclesi, produces an overwhelming infection in the rhesus 
monkey and hence, a rich source of parasites for making antigen became 
available for the first time. Antigens of P- knoiclesi, P. titax, P. malaria: 
and P‘ galtinaceum of the domestic chicken have now been made and used 
successfully. The antigen, made of P. knoiclesi, is group specific, binding 
complement in the serum of monkeys with a chronic homologous infection 

ac- 

he 

Studies on sera from induced human malaria and from patients in a 
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hyperendemic malarious area have served to demonstrate and verify the 
specificity of the reaction .*- 1 The test becomes positive approximately two 
weeks after the initial paroxysm and persists for about five months after 
circulating parasites disappear from the peripheral blood. Relapses cause 
a rise in titer, indicating that circulating parasites and thus a source of 
antigen are necessary to maintain the titer at a significant level. 

Preexisting syphilis does not interfere with the specificity of the reaction. 
Absorption with the syphilitic rcagin of serum from positive blood fails 
to affect the reaction.* The reverse is not true, however, for it is well 
known that sera from patients with malaria will give false positive Wasser- 
mann and Kahn tests . 7 

II. Other Tests.— Agglutination, 5 precipitin, 10 and precipitative 2 tests are 
species specific reactions in contrast to the group specificity of the com- 
plement-fixation test. Difficulties in preparing antigens of the human 
plasmodia have prevented the practical application of agglutination and 
precipitin tests. The greater sensitivity of the precipitative technic has 
overcome some of the difficulties and these methods desene further trial. 

Recent work has shown that sporozoites from the salivary glands of 
infected mosquitoes will agglutinate to a high titre in the serum of an 
experimental animal or a patient infected with the homologous species . 7 
The sporozoites are potent antigens and have high agglutinogenic proper- 
ties. This method might ha\ e practical diagnostic value, if quantities of 
infected mosquitoes could be provided for dissection in samples of suspected 
sera. 
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THE HiEMOFLAGELLATES OF THE BLOOD AND TISSUES 
Prior to the present conflict, human leishmaniasis and trypanosomiasis 
were diseases that were seen rarely only in hospitals of our large cities 
where foreign-born individuals came for medical attention. These diseases 
assume new importance now that men of our armed forces tra\ el through 
or are stationed in countries where the above diseases are endemic. Studies 
on the etiology, clinical course, treatment and control of these diseases 
have provided one of the fascinating chapters in tropical medicine. iM^ny 
medical and public health problems remain to be solved before morbidity 
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and mortality caused by these infections can be reduced significantly. 
Nevertheless, methods of diagnosis and treatment arc being improved and 
each officer responsible for the diagnosis of parasitic diseases should become 
acquainted with the parasitology of these infections. 

I. Classification.— Parasitic protozoa of the class Mastigophora, which 
live in the blood and tissues of man, and in various vertebrate and invert e- 
brate hosts are grouped in the family Trypanosomidm Doflein 1901. 

There are six genera as follows: 

Genus /.cpfomonas.— The life cycle contains Icislunania and leptomonad 
forms, which occur only* in invertebrates. Infective cysts are formed and 
passed in the feces of the host. 

Genus Crithidia .— The life cycle contains leishmania, leptomonad and 
erithidial forms, which occur only in invertebrates. Transmission is similar 
to Leptomonad. 

Genus llerpctomonas .— The life cycle contains leidunania, leptomonad, 
erithidial and trypanosome forms which occur only in invertebrate hosts. 
Transmission is similar to Leptomonad. 

Genus Leishnania .— The life cycle contains only' Icislunania and lepto- 
monad forms, which occur in both a vertebrate and an invertebrate host. 
Transmission by the invertebrate to the vertebrate or rice versa. 

Genus Phytomonas .— The life cycle contains only lei di mania and lepto- 
monad forms, which occur in both an invertebrate am] plant host. 

Genus Trypanotomu.—' The life cycle contains Icislunania, leptomonad, 
erithidial and trypanosome forms which occur both in an invertebrate ami 
a vertebrate host. The occurrence of the four forms is true only lor Try- 
panosoma cruzi. No leishmnnia or leptomonad forms are know n for T. yum - 
bicnsc ami T. rhntlcsicnsc. Transmission is by the invertebrate to the 
vertebrate or rice versa. 

II. Me:.' 1 ■ : 

genera, ■ . ' ■ : ■ " 

the form ! . ; ■ ■ ■ . * * 

meat, some confusion occurs w hen the name of the form taken by a parasite 
u u set 1 us u descriptive rather than a generic term. The following descriji- 
lion of the various stages should clarify the confusion. 

1. Stases in Lite Cycle. — (ci) Lcishmaniu Furm.—TUU stage is round or 
ovoid, seldom exceeding '.l to 5 n in diameter No flagellum or undulating 
membrane is present. Stained specimens rev eal u centrally located v edcnlur 
nm lens, the densely staining kinetopkist or rod-like parabasal !«*!>• am! 
tin* hlcpharoplast. Theve stages occur primarily' in endothelial nils and 
macrophages in infected animals or man. They may also develop in n tro 
in oW cultures. 

(/i) Isptouunuul Form. — This stage jkjsscscc.i a flagellum arisin g from the 
anterior hlcpharoplast. The body may l*e long or diort and «pimlle-shai*-d. 
The nueleus is central in position. Thrsc stages dcvtlup in cultures or in 
insects when hishmanifomi stages arc inoculated or ingc-iwl. 

(r) CritkiJuil JorM.— The jurahasal Unly and Lhphamptast are forum! 
slightly anterior to the central nucleus in tins stage, giving ri*c to a short 
umhilating membrane and occasionally a free flagellum. 'Ihr-c stages 
may develop in culture-*, in the alimentary trait of transmitting inmts 
or in tiwuo. 
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(d) Trypanosome Form. —In this form, the kinetoplast is located in the 
posterior end of the organism, where it may be terminal or sub terminal. 
The undulating membrane originates from the blepharoplast and extends 
along the margin of the body, being composed of a marginal axoneme and 
cytoplasm which attaches the membrane to the body. The axoneme 
extends anteriorly to form a free flagellum. 

The shape, size, and the general morphology may vary during the cyclic 
development of the organisms in transmitting insect vectors. These stages 
or “metacyclic forms” eventually produce infective stages which transform 
into the typical adult trypanosome. 

2. Morphological versus Physiological Species.— The majority of protozoa 
described in the preceding chapters can be distinguished from each other 
by morphological characters. /The human species of Leishmania and 
Trypanosoma of African sleeping sickness are so similar in structure that 
morphological differentiation is impossible. Consequently, other char- 
acters such as the disease produced, susceptibility of animals, immunological 
and cultural behavior, and infcctivity of insect vectors, are used to dis- 
tinguish species. In Table 85, the species which cause the diverse disease 
entities are tabulated to aid in arriving at a specific diagnosis. 

DIAGNOSIS OF LEISHMANIASIS 

Leishmaniasis is not a single entity but includes three types of diseases 
(Fig. 75), differentiated according to the organs or tissues affected. The 
visceral infection or kala-azar, caused by Leishmania donoiani, occurs 
in parts of India, China, and Africa. Infantile kala-azar, caused by 
L. infanium, is found in countries bordering the Mediterranean Sea. 
Cutaneous infection called Oriental Sore (synonomous with Bouton 
d’Orient, Delhi boil, Aleppo boil) is caused by L. tropica. South and Central 
American leishmaniasis is a cutaneous infection in certain areas, and both 
a cutaneous and muco-cutaneous disease in other areas. The cutaneous 
disease is called uta, chiclero's ulcer, forest yaws, buba and by other diverse 
local names, and the muco-cutaneous disease is called naso-pharyngeal 
leishmaniasis or espundia. The organism, L. brasiliensis , causing these 

of the viscerotome 
of endemic areas, 

_ ■ . Commission which 

studied the disease created a new species, L. chagasi, for the etiological 
agent of the infection, but the organism has now been identified with 
L. infantum of infantile kala-azar. 

I. Kala-Azar. — The parasites, L. donotani and L. infantum, are taken 
up by the reticulo-endothelial cells in which they multiply by binary fission. 
The parasitized cells become enlarged (Fig. 74, No- I) and eventually 
rupture to free the organisms in the plasma or tissue fluids (Fig. 74, No. 2), 
which in turn arc taken up again by phagocytic cells. The infection induces 
extensive proliferation of endothelial cells, monocjtcs and macrophages, 
particularly in the spleen, lymphatic glands, liver and bone marrow. 
Splenomegaly and enlargement of the liver develop in practically all infec- 
tions, facts which arc useful in diagnosing the disease, if malaria is excluded. 
Leishman-Donovan bodies may be found in the oral and nasal secretions, 
urine and feces. The disease may run an acute, subacute or chronic course, 
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and it may become epidemic. Mortality in untreated cases may reach 
90 per cent, with secondary infections being responsible for a high per- 
centage of deaths. 



Fio 74 — ILsmoflagellaiea (X 2000). 

1, Mononuclear leukocj te containing Lmhmania bratUiemu; 2. free Leishman-DonO' an 
bodies, L bratilumu. with one organism superimposed on a red blood cell; 8. various stages 
found in the culture of L. brtuUicntu; 4, adult trypanosome of T. enm; J, cultural or crithidisl 
forms of T cruzi. C, an aggregate of a flagellate T. cruzi in heart muscle; 7, large and small 
adult trypanosomes of T. gantbiertte. (Original ) 


Infantile kala-azar differs mainly by degree from the adult disease. 
Secondary infections are usually the cause of mortality. Dogs are now 
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believed to be the primary reservoir of L. infantum for transmission by 
species of blood-sucking insects, Phkbotomus or sandflies. 

Although the results of extensive research over a period of years pointed 
to the transmission of kala-azar and Oriental Sore by species of Phkbotomus, 
crucial experiments have now proven that Phkbotomus argeniipcs (sand- 
fly) transmits the infection in India/' 5 - 5 and that P. papaiasii can transmit 
cutaneous leishmaniasis . 1 

II. Diagnosis. —Since kala-azar may assume a variety of clinical forms, 
diseases such as malaria, schistosomiasis, Banti's disease, typhoid, para- 


typhoid ‘ ng at a correct 

diagno ' * demonstration 

of the . , ..ich are depend- 


ent upon the biochemical changes of the blood are helpful too. 

1. Demonstration of the Parasites.— Although the parasites multiply 
within the reticulo-endothelial cells, they arc not always demonstrable 
in the peripheral blood by the direct examination of films stained with 
Wright’s or Giemsa stain. The use of culture media for the detection 
of infection is most likely to succeed. Approximately 10 cc. of blood arc 
taken and added to a solution of sodium citrate in physiological saline. 
After centrifugation at a speed to pack and separate the erythrocytes 
from the leucocyte layer or buffy coat, inoculate a few drops of the huffy 
coat into two to four tubes of NNN medium. Incubate at 22° to 28° C. 
and examine carefully from the tenth to the twentieth day for motile 
flagellates (Fig. 74, No. 5) which develop from the aflagellate Lcishmania 
inoculated. 

2. Spleen or Liver Puncture.— This test is performed to obtain and 
demonstrate the Leishman-Donovan bodies by direct examination of 
stained films made from the extracted splenic or liver pulp, or by inocula- 
tion of NNN medium with pulp in order to grow out the parasites by 
cultivation. 

This procedure requires care and precision because of the danger of 
rupturing the enlarged spleen or liver in the process The method and 
technic of Napier* (sec also Manson-Bahr and Strong) has been used with 
great success. The operation is successful when pulp and not blood is 
withdrawn, because the parasites are in the tissue cells. Sternal puncture, 
to obtain bone marrow, is also used by sonic clinicians to demonstrate 
parasites. If there are no contraindications for the operation, the spleen 
is the organ of choice because of the mailable numbers of parasites found 
there. Stained pulp is positive for Lcishinau-Donov an bodies in about 
90 per cent of patients with kala-azar, but it is advisable to divide the 
sample withdrawn into one part for staining and one part for cultivation 
in order to pick up infections in which few parasites arc present. 

3. Biochemical Teats.— Physiological changes in the scrum of patients 
v\ ith kala-azar hav e been the basis for the dev clopmcnt of useful diagnostic 
tests. The aldehyde test or formol-gcl test (Napier) and the antimony tot 
(Chopra) are the most widely used. 

(a) The Aldehyde Test.— Onccc. of clear scrum from the patient is placid 
in a small test tube (Wasscnuann tul>c) and I drop of formaldehyde is 
added. Shake well and place in rack. If the serum Iktouics v iscid immedi- 
ately and gels in a minute or two or up to twenty minutes becoming 
whitidi and opalescent, the r< action i* diagnostic of kala-azar. .Mil bines.} 
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of the serum without the formation of a gel may occur in serum from a 
case of kala-azar of less than three months duration but the result should 
be considered doubtful without the demonstration of parasites. If the 
serum gels but does not become opaque, the reaction is again doubtful. 
Normal sera remain fluid and clear and should always be run as controls. 

(6) Antimony Test (Chopra).— This test is based on the formation of a 
heavy precipitate in serum from a patient with kala-azar when a 4 per cent 
solution of pentavalent antimony compound is added. Whole serum or 
serum diluted 1 to 10 with distilled water is placed in a small tube using a 
capillary pipet. With a clean pipet, add a 4 per cent solution in distilled 
water of a pentavalent antimony compound (urea-stibamine or stibosan) 
so that the solution comes to lie below the serum. A heavy coarsely floc- 
culent precipitate forms when the antimony solution comes in contact 
with positive sera. In a very early case, the precipitate may not appear 
for ten to fifteen minutes. The flocculum is very difficult to disperse and 
persists for more than twenty-four hours. This test compares favorably 
w'ith the aldehyde test for the detection of infection. 

III. Cutaneous and Muco-cutaneous Leishmaniasis.— These infections, 
caused either by L. tropica or L. brasiliensis, are characterized by the 
development of an indurated papule which ulcerates. The demonstration 
of the parasites in stained cells scraped from the margin of the ulcer is 
relatively easy during the early stage. Just as soon as ulceration occurs 
and enlargement begins, secondary infection with bacteria develops and 
it becomes increasingly difficult to demonstrate the presence of Lcishmania, 
The older ulcers usually have an irregular margin which is indurated. 
The parasites are found in the large mononuclear leucocytes and macro- 
phages of the indurated margin, with multiplication of Leiskmania, rupture 
of cells, and phagocytosis progressing in a manner similar to the spread 
of infection in the spleen of a patient with kala-azar. Regional lymphatics 
may become involved but the infection is generally a local one with no 
parasites circulating in the peripheral blood. Diagnosis of the infection 
depends upon the demonstration of parasites in stained films made from 
the crater of an early lesion or from material withdrawn from the indurated 
margin by means of a sterile fine capillary pipet. Cultures can be made 
successfully with scrapings of early lesions or with the material withdrawn 
from the indurated margin by means of a capillary pipet or hypodermic 
needle. The ulcer should be thoroughly washed with sterile saline solution 
and the unbroken skin of the indurated margin should be cleansed with a 
mild antiseptic solution. A number of culture tubes (NNN) should be 
inoculated because of the great danger of bacterial contamination, since 
ieishmnnia will seldom grow in the presence of bacteria. Cultures should 
become positive in uncontaminated tubes in from ten to twenty days. 

Every effort should be made to demonstrate Lcishmania in a suspected 
lesion* Although the indurated margin of a leishmania ulcer is character* 
istic, ulcers caused in the tropics by fungi, spirochetes and a \ ariety of 
bacteria may confuse the diagnosis. Biopsies of margins of ulcers (when 
lesions are not on face) for sectioning and staining are sometimes helpful 
in making a diagnosis. 

Cases of muco-cutaneous leishmaniasis or espundia gi\c a history of 
having had a primary lesion at the nasal orifice or on the lips before the 
involvement of the mucosa of the nose, throat or mouth began. Demon- 
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stratum of the parasites is very difficult in these cases because of their 
long duration and consequent i .. . 

organisms before coming for treatn ■ . ■ 

from those of yaws (gangosa) and . ; ■, .. . wi 

granulation tissue in the nose or throat for demonstration of the parasites 
and pathology is frequently of aid in diagnosis. If the patient comes from 
an area where espundia occurs, a diagnosis on clinical grounds and a 
therapeutic test may be necessary if the parasites cannot be demonstrated. 

IV. Cultivation of Leishmania.— The cultivation of Leishmania for the 
diagnosis of visceral leishmaniasis has definite value. The diagnosis of 
cutaneous and muco-cutaneous leishmaniasis by cultural methods is less 
successful because of difficulties in preventing bacterial contamination 
which prevents the persistence and development of the organisms. The 
formula: for useful media are given below*. For diagnostic purposes, the 
XXX medium is very satisfactory, but for experimental purposes and for 
the production of a vaccine, other media which give heavier growth are 
preferred. 

1. Blood Agar or NNN Medium (Xovy, MacXeal & Xicolle, 1908).— 


Slock agar 

Agar . . . . 14 gm. 

Sodium chloride . . 6 gm. 

Distilled ■water 000 cc. 


Dissolve and dispense in tubes or flasks in amounts convenient for use. 
Before using add one-third volume of sterile defibrmated rabbit’s blood 
to the dissolved agar cooled to 45° to 50° C. Mix thoroughly, tube to 
make a long slant with no butt. After agar is set, the addition of sterile 
rubber stoppers will help maintain water of condensation which prolongs 
life of culture. Test for sterility by incubation for twenty-four hours at 
37° C. 

Inoculate material for cultivation, in water of condensation and on 
slant. Incuba te for best growth at 20° to 25 °C- Transfers should be made 
every twenty to thirty days for maintenance. 

2. Leptospira Medium (Xoguchi, 1924). — 

Physiological saline (0 9 per cent) ■ . S00 parts 

Fresh rabbit serum . . 100 parts 

Nutrient agar (2 per cent, pH 7.2) . . 100 parts 

Rabbit hemoglobin solution . . . 10-20 parts 

(1 part deSbnnated rabbit’s blood in 3 parts distilled 
water- Centnfugalue and use clear supernatant fluid) 

Tube and test for sterility before using. The amount of hemoglobin 
solution may be increased to give better growth of Leishmania. The 
organisms grow in a layer near the surface of the medium and should be 
subcultured approximately every thirty days. 

3. Adler’s Modification (1926) of Noguchi’s Leptospira Medium.— 

Agar . . . ■ I P®rt 

Locke's solution containing 0.2 per cent dextrose . 8 parts 

Fresh rabbit scrum . . 1 part 

This medium is satisfactory for the cultivation of species of Leishmania 
and Trypanosoma cruet. 
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African sleeping sickness, caused by T. rhodesicnse, lias the more rapid 
course of the two infections and consequently is more se\ ere in its mani- 
festations. In both infections, however, transmission results from the bite 
of an infected tsetse fly which mechanically carried the organism or intro- 
duced infective "metacyelic” trypanosomes at the time of taking a blood 
meah The incubation period is from two to three weeks after which time 
trypanosomes may be found in the peripheral blood. Infection of the blood 
stream is rarely heavy and extreme difficulty may be experienced in demon- 
strating the parasite in the blood, either by the use of thick films or frac- 
tional centrifugation. Swelling of the lymphatics, particularly the pos- 
terior cervical glands, is a characteristic early symptom. Puncture of 
swollen lymphatic glands during the acute febrile period, withdrawal of 
glandular juice and examination of several preparations for motile try- 
panosomes is one of the most successful diagnostic procedures. When 
patients begin to show involvement of the central nervous system in the 
advanced stage of the disease, examination of cerebrospinal fluid may give 
positive results. The fluid is withdrawn and centrifugalizcd. Trypanosomes, 
if present, may be demonstrated in the sediment. An increased cell count 
and globulin content of the spinal fluid are also indications of invasion of 
the central nervous system by the parasites. 

If the above methods fail to establish the diagnosis, susceptible laboratory 
animals, such as the white rat, guinea pig, dog, and monkey' may be 
inoculated. Two to 10 cc. of blood are withdrawn from the patient, and 
amounts, in proportion to the size of the animal, are inoculated intra- 
peritoneally. Since these primary inoculations of a foreign host may fail, 
negative results with this test should not be considered absolutely diag- 
nostic. 

Nothing has been said about the use of cultivation procedures because 
methods that 

T. gambiense a: ' . • 

in vitro indicat. ■ ■ • - -- ---* 

ments. The methods given below have not been used to any great extent, 
but the results reported indicate that the methods deserve further trial. 

1. Brutsaert and Henrard's Medium. 1 — 

Solution A. Ringer’s solution for invertebrates 

NftCl • • • 6 50 gm. 

KOI . • 0 14 gm. 

CaCI, . . 0 12 gm. 

Distilled water to make 1000 cc 
•Solution B Tyrode s solution 

NftCl . . 8 00 gm. 

KC1 ... 0 20 gm. 

CaCli 0 20 gm. 

MgCb 0 10 gm 

NaHtPOi 0 05 gm. 

NaHCOi • . 1 00 gm. 

Glucose . 1 00 gm 

Distilled water to make 1000 ce 

Both solutions are sterilized by filtration and are then distributed in 
culture tubes in the proportion of 2 cc. of Solution A and 2.5 cc. of Solu- 
tion B. Add 2 cc. of citrated human blood (1 per cent citrate) and incu- 
bate at 37° C. for twenty-four hours, to determine sterility. Tubes should 
be kept in refrigerator and may be used up to two weeks after preparation. 
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In a syringe containing 1 cc. of Roche fluid (1 per cent solution of 
sodium polyanethol sulfonate) withdraw 5 cc. of the patient’s blood. 
Distribute 0.5 cc. in each of 10 culture tubes and incubate at 25° to 2S° C. 
Trypanosomes, if present in the inoculum, should be demonstrable in ten 
to twenty days after inoculation. The value of this medium for diagnostic 
purposes when other methods fail has been confirmed by Hawking. 1 

2. Cultivation in the Developing Chick Embryo.— This well-known method 
for propagating infectious agents lias been utilized for species of try- 
panosomes by Longley, Clausen, and Tatum.® Fertile lien’s eggs, incubated 
eight to ten days, are prepared for inoculation by boring one hole into the 
air sac and another directly over the embryo or by the commonly used 
window technic. Sterile technic must be used throughout the operation. 
The inoculum, 0.5 cc. of material containing the trypanosomes, is injected 
into the allantoic cavity. Seal the holes in the eggshell or the window with 
a cover glass and incubate at 37° C. Heavy infection of the blood develops, 
resulting in the death of the embryo in four to five days. A variety of 
species, T. rhodesiense, T. cquiperdum, T. brucei, T. ciansi, and T. kippicum, 
have been successfully cultivated in de\ eloping embryos. The method is 
a valuable one for experimental purposes, but whether or not it will be 
useful for diagnosis of human infection will depend on results obtained. 

III. Chagas' Disease.— Human infection with Trypansoma cruzi of 
Chagas’ disease is confined to South and Central American countries. 
The disease was originally discovered in Brazil (Chagas, 1969), but endemic 
foci arc now known to exist in Argentina, Chile, Uruguay, Panama, Guate- 
mala, and Mexico. Infected vectors have been found in the southwestern 
United States, but no human cases of the disease have been described. 

Transmission of the disease takes place when the person being bitten 
scratches the infective “metacydic” trypanosomes, which were defecated 
by the rcduviid bug, into the wound. The resulting infection, which has 
an incubation period of ten to thirty days, consists of circulating adult 
trypanosomes in the peripheral blood and the imasion of tissue cells with 
transformation into lcishmania forms, identical in morphology with tho^e 
found in cases of kala-azar. The lcishmania forms (Fig. 7-1, No. 6), 2 to 4 u 
in diameter, divide by binary fission, eventually causing destruction of the 


dependent upon the pathology produced by imasion and destruction of 
tissue. Practically c\ cry organ in the body may be invaded, but the para- 
sites arc found most often in heart, muscle, and the neuroglia cells of the 
central nervous system. 

The diagnosis, ns in many parasitic infections, de]>emls primarily ujxm 
the discovery and identification of the adult trypanosomes or Icishmani- 
form stages of T. cruzi. Adult trypanosomes measuring afwut 1*0 n in 
length (Fig. 71, No. .$), are most apt to occur in the peripheral blood 
during acute febrile attacks. Long, slender and short, stumpy forms occur. 
Since they arc never numerous, even in the acute stage of the dbcase, 
great difficulty may be experienced in demonstrating them during the 
chronic stage. 

Three methods are of \aluc for the demonstration of adult T. cruzi: 
(J) examination of a “thick film” (prepared and stained by the same 
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Method used for the diagnosis of malaria); (2) inoculation of a young 
guinea pig or young dog with blood; and (3) the xenodiagnostic test 
(Brumpt, 1914) which consists of allowing parasite-free laboratory-reared 
triatoinids to feed on the patient. Examination of the feces or intestinal 
contents of these insects after eight to ten days will reveal trypanosomes, 
if they were present in the blood of the patient. The “ thick film ” method 
is the most practical because a number of films can be examined over a 
period of days during the febrile attack, in an effort to discov er the light 
infection of trypanosomes. Biopsies of swollen lymph nodes, or spleen and 
sternal punctures have been used in an effort to demonstrate tissue stages. 
Since visceral leishmaniasis occurs in South America, the discovery of 
tissue stages should be followed by cultivation of blood and biopsy tissue 
in order to exclude leishmaniasis. 

The media of choice for cultivation arc NNN medium and Ivelser’s 
medium: 4 

1. Kelser’s Medium.— 


Bacto-Beef (Difco) 2 5 gm. 

Bacto-Peptone (Difco) . . 12 5 gm. 

NaCl . 3 5 gm 

Distilled water . . 500 0 cc. 


Dissolve the Bacto-Beef in the water by placing the mixture in a water 
bath at 55° C. for one hour. Add other ingredients and dissolve by placing 
flask in boiling water for five minutes. Filter through cotton until clear 
and then adjust reaction to pH 7 with 1 N solution of sodium hydroxide. 
Measure total volume and add 1 per cent Bacto-Agar. Dissolve and 
dispense either 5 cc. to each test tube or 10 cc. to each small flask. Sterilize 
in autoclave under 12 pounds pressure for thirty minutes. Medium can 
be stored in this manner for later addition of dextrose and blood, or used 
immediately after adding 5 per cent of a 1 per cent sterile solution of 
dextrose (0.25 cc. to each tube or 0.5 cc. to each flask) and 5 per cent of 
fresh sterile defibrinated guinea pig blood. (The author lias substituted 
defibrinated rabbit and sheep blood successfully.) After thorough mixing, 
tubes are slanted with a deep butt and short slant. Sterile rubber corks 
may be used to prevent evaporation. Incubate to test for sterility. 


cultures can be made successfully at intervafs of six to eight weeks. If 
water of condensation in tubes or flasks becomes low at any time, a dextrose- 
broth mixture (1 part of a 1 per cent sterile dextrose solution to 2 parts 
peptone broth) may be added. 

Cultivation of T. cruzi is relatively easy on the medium given above. 
Flagellate forms or crithidial (Fig. 74, No. 5) and trypanosome forms 
develop in these cultures. The temperature for incubation is 22° to 25° C. 
and growth takes place on the slant and in the water of condensation. 
Subculture is necessary only every six to eight weeks and tubes frequently 
remain viable three months or more. Tissue cultures have also been 
successful* and the author has obtained successful growth using the sur- 
viving tissue culture method devised by Zinsser, Wei and Fitzpatrick 7 for 
the growth of Rickettsial. Finally, the complement-fixation reaction as 
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devised by Kelser 4 is an extremely valuable test to diagnose chronic infec- 
tions and even discover latent cases of the disease.* The antigen is prepared 
from T. cruzi grown in the special medium devised by Kelser for this 
purpose. 
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CHAPTER XXXVII 
HELMINTHIC INFECTIONS 
By Ernest Carroll Faust 

DEFINITION AND OUTLINE OF GROUPS OF HELMINTHS 

Helminthic infections are produced by helminths or parasitic worms. 
These are many-celled organisms belonging to the phyla Nematlielminthes 
(literally “thread worms”) and Platyhelminthes (literally “flatworms”), 
and, in addition, to the classes Acanthocephala (literally “thorny-headed 
worms”) and Hirudinea (leeches). 

I. Nemathelminthes.— The Neinathclminthes or roundworms are elon- 
gated cylindroidal worms, covered with a relatively thin resistant cuticle 
which constitutes the essential body support; usually tapering at both ends; 
unsegmented but possessing a longitudinal axis, a body cavity and a com- 
plete digestive tract. The sexes are usually separate. The worms vary in 
size from microscopic objects to forms measuring a meter in length. Many 
species are free-living in water or mud; some are parasitic on or in plant ■ 
tissues; many others parasitize animal hosts, including man. Some forms 
have a simple life cycle; others have a complicated mode of development. 
Most of the species belong to the class Nematoda (“threadlike body”) but 
a few belong to the class Gordiacea (so-called “horse-hair worms”). 

1. The Nematoda or True Roundworms. —The more important species of 
true roundworms parasitizing man include the following: Ascaris lum- 
bricoides (giant intestinal roundworm); Trichocephalus trichiurus (synonym, 
Trichuris triehiura, whipworm); Necator americanus (“American” hook- 
worm); Ancylostoma duodenale (“Old World” hookworm); Ancylostoma 
braziliensc; Strongyloides slercoralis; Enterobius vennicularis (pinworm, 
seatworm, human “oxyuris”); Trichinella spiralis (trichina worm) ; Wueher- 
eria bancrofti (Bancroft’s filaria); IF. malayi (Malay filaria); Onchocerca 
volvulus (convoluted filaria); Loa loa (loa worm), and Dracunculus medi- 
nensis (Medina or dragon worm). In addition, there are many so-called 
“rare species” which are common parasites of domestic and wild animals 
but are occasionally (although incidentally) parasites of man. 

2. Gordiacea.— The Gordiacea are probably never true parasites of man, 
although on occasion mature or immature specimens of this group get into 
the mouth and are later vomited or passed in feces. 

II. Platyhelminthes.— The Platyhelminthes or flatworms are usually 
elongated worms which are flattened dorsoventrally, have a longitudinal 
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axis and possess no body cavity. The spaces between visceral organs in 
this group are occupied by loose, relatively undifferentiated parenchyma- 
tous tissue. Most of the species arc hermaphroditic. A few forms have a 
simple life cycle but some have a very complicated mode of development. 
The class Turbellaria comprises almost exclusively free-living species, while 
the Cestoidea (tapeworms) and Treinatoda (flukes) are exclusively para- 
sitic. 

1. The Cestoidea or Tapeworms.— The adults of ’thcac worms typically 


eggs). A digestive tract is lacking. The stages in their development con- 
sist of egg, embryo, lan a ' -.*!*,* 
adult worm (technically c. ■■ ‘ . 

stitutes a completely indej . .. t ;. i j 

species which parasitize man include: Diphyllobothrium latum (fish tape- 
worm); D. vxansoni (Man son’s tapeworm); Hyrnenolepis nana (dwarf 
tapeworm); II. diminuta (rat tapeworm); Dipylidium caninum (dog tape- 
worm)*, Txnia sapinata (beef tapeworm); T. solium (pork tapeworm), and 
Echinococcus granulosus (hydatid worm). 

2. The Tremi. ■ . . 

sponds to a sin • ! ■ . ■ ■ 

two ncetabula, „ , _ 

and a blind one more posteriorly placed on the venter of tire worm. The 
life cycle is very complex in all of the species parasitizing man and consists 
of at least three generations which may be represented diagrammatically 
as follows: 

(а) First generation: egg — + larva ( miracidium ) — » first generation sporo- 
cyst (or redia). 

(б) Second generation: Second generation sporocyst (or redid), produced 

in m . ■ ‘ ■ 

(c) . 

genei ... • . * ; ■ * ■ 

ily tlie miracidium and the cercaria are free-living in water, but between 
these two stages there is a required parasitic existence within certain 
species of snails or other molluscs to which the flukes are specifically 
adapted. The two-fold multiplication within the snail may amount to as 
great an increase in progeny as 250,000 to 1. 

The more important species which parasitize man include: Schistosoma 


sinensis (Chinese liver fluke), and Paragonimus icestermani (Oriental lung 
fluke). In addition, there are several other species of flukes which inci- 
dentally parasitize man. 

III. Others.— 1. Acanthocephala.— The class Acanthocephala was for 
many years regarded as a group of the phylum Nemathelminthes, but is 
now* knowm to have nearer kinship to the Cestoidea (tapeworms). Two 
species of this class, Macracanthorhynchus hirudinaceus, a parasite of hogs, 
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and Moniliformis moniliformis, a parasite of rats, have on rare occasions 
been recorded as parasites of the human digestive tract. 

2. Hirudinea.— The Hirudinea, or leeches, constitute a class group of the 
phylum Annelida, the most familiar of which is the common earthworm. 

IMPORTANT DATA ON HELMINTHS PARASITIZING MAN, INCLUDING 
STAGES MOST USEFUL FOR DIAGNOSIS 

I. Ascari3 Iumbricoides (common large roundworm of the intestine).— 
This worm typically lives in the lumen of the small bow rl : i t h cosmopolitan 

■ ' ■ ■ ■ ' 3 , especially 

: ■ • ■ . n diameter, 

. . _r . ’ , sexes have 

three conspicuous fleshy lips surrounding the mouth, one median dorsal 
and two ventrolateral. The males are curved somewhat ventrad at the 
posterior end. Infection is acquired from ingesting fully embryonated eggs 
picked up from soil; the lame hatched from eggs in the small bowel require 
a lung journey before developing to adults in the small intestine. Migrating 
lame may produce atypical pneumonia; adults give rise to gastro-intcstinal 
upsets and nervous disorders, at times with edema and frequently with 
eosinophilia. The worms may produce acute intestinal obstruction, 
appendicitis, biliary duct obstruction, peritonitis, etc. The females lay 
about 200,000 eggs per day; these are passed in feces. Diagnosis is made 
by recovering fertile or infertile eggs in the stool (Fig. 77, A, B), or adult 
or immature worms may be passed in the stool or evacuated spontaneously 
from the anus, mouth or nares. 

II. Trichocephalus trichiurus, synonym: Trichuris trichiura (human 
whipworm).— This worm lives with its anterior end basted into the mucous 
coat of the cecum, appendix, distal segment of the ileum or ascending 
colon. It is cosmopolitan in distribution but most common in moist warm 
countries. The worms have a delicate anterior three-fifths and fleshy 
posterior two-fifths to their body. The males are 30 to 45 mm. long with 
the fleshy posterior end coiled like a watch spring; the females, 35 to 50 mm. 


attached and develop to adults in about ninety days. Light infections 
produce mild intestinal disturbances and nervous disorders; heavy infec- 
tions may simulate hookw'orm disease, with microcytic hypochromic 
anemia, neutropenia, eosinophilia, and severe emaciation. The female 
lays a few thousand eggs per day; these are passed in feces. Diagnosis is 
made by recovering typical eggs in the stool. (See Fig. 77, I.) 

III. Necator americanus (so-called “American” hookworm).— This worm 
lives attached by its head capsule to the mucous coat of the small bowel, 
most frequently near the jejunal-ileal junction. It is distributed throughout 
the warm climates of the Western Hemisphere and the warm climates 
south of 20° N. latitude in the Eastern Hemisphere. The worms have a 
distinct buccal capsule provided with two dorsal and two ventral cutting 
plates and a pair of internal lancets; the males are 7 to 9 mm. long by 
0.3 mm. in diameter, with an umbrella-like copulatory bursa surrounding 
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the posterior end and a pair of copulatory spicules fused distally and 
terminating in a barb; the females are 9 to 11 mm. long and OA mm. in 
diameter, with a pointed posterior end. 

IV. Ancylostoma duodenale (so-called "Old World” hookworm).— This 
worm is prevalent in the "Old World” north of 20° N. latitude. It has a 
buccal capsule provided with two pairs of distinct teeth on its "upper” 
aspect. The males are 8 to 11 mm. long by 0.4 to O.p mm. in diameter; the 
females, 10 to 13 mm. long by 0.G mm. in diameter. Epidemiological and 
clinical aspects are essentially similar to Nccator americanus. 

V. Ancylostoma braziliense.— This species has a "spotted” distribution 
throughout warm mo.ist climates. Its buccal capsule is smaller than that 
of A. duodenale and the inner pair of teeth are much smaller. The males 
are 7.75 to 8.5 mm. long by 0.35 mm. in diameter; the females, 9 to 10.5 mm. 
in length by 0.37 mm. in diameter. Human, canine and feline strains are 
physiologically distinct; in man human strains produce intestinal infection 
but canine and feline strains cause only "creeping eruption” within the 
deeper layers of the skin, due to failure of infective-stage lame to enter 
blood vessels. Diagnosis in intestinal infections is based on recovery of 
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worm or seatworm), with completely developed larva, passed in feces or more usually deposited 
by the mother worm on the perianal or perineal skin; D, Ancylostoma duodenale (“Old 
World hookworm") or Xccator amcncanus (''American hookworm"), early cleavage stage, 
passed ia semi-formed feces; E, A. duodenale (“Old World hookworm") or N. ameneanus 
(“American hookworm"), with completely de\ eloped first-stage (rhabditoid) larva passed 
in constipated stool or developed in feces that have stood twenty-four to forty-eight hours 
in the laboratory; F, A. duodenale (“Old World hookworm") or N. americanus ("American 


worm), with unsegmented embryo, usually with bile-stained outer shell, passed in feces: 


in feces, X. Schxstosoma hxmatobxum (vesical blood fluke), with developed miracidium. 
passed in urine or (rarely) m feces, Y, Schistosoma maneoni (Man son’s blood fluke), wjtn 
developed miracidium. passed in feces; Z, Schistosoma japonxeum (Oriental blood fluke), 
with dei eloped miracidium, passed in feces . 

R, S. T, and U, X CCQ, all other figures X 333. (Faust’s Human Helminthology.) 
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the eggs in stools; in cutaneous infections on the characteristic linear 
tunnels in the skin. 

Hookworm infection is acquired from contact of the skin with moist 
soil containing the filariform-stage lame, which penetrate to the peripheral 
blood capillaries, are carried in the blood stream to the lungs, are coughed 
up, swallowed and develop to maturity after attachment to the mucosa of 
the small bowel. Light infections produce little or no symptoms; heavy 
infection causes “hookworm disease/' characterized by 
microcytic hypochromic anemia, frequently with anoxia 
and tachycardia, neutropenia, eosinophilia, dysphagia, 
severe malnutrition and emaciation, and frequently 
dysfunction of endocrine organs. The females lay a few 
thousand eggs each per day; these are passed in feces. 
Diagnosis is based on recovery of eggs (or occasionally 
larva*) from stool. (Figs. 77, D, E, F, and 78, A .) 

VI. Strongyloides stercoralis.— The parasitic female 
worm lives embedded in the mucous coat of the bowel, 
most commonly at the level of the duodenum. This 
worm occurs usually in warm moist climates. The 
parasitic male is transient, and is seldom recovered; the 
parasitic female is filiform, 2.2 mm. long by 30 to 75 


out in feces. Infection is acquired and migration through 
the lungs proceeds as in hookworm infection. Strongy- 
loidiasis usually causes a mucous diarrhea, sometimes 
with severe dehydration; with a high eosinophilia, at 
first a neutrophilic leukocytosis, later a neutropenia 
and monocytosis, at times secondary anemia; in chronic 
cases neurotoxic manifestations sometimes develop. 
The females lay several hundred eggs each per day. 
Diagnosis is based commonly on the recovery of rhab- 
ditoid larva (Fig. 77, G) in freshly passed stool^or 
possibly filariform larva* (Fig. 79, B) or free-living 
adults in older stools. 

Fig. “8. — A, Filariform lar\a of hookworm, with acuminate tail; 
B, filariform larva of Strongyloides tlercaraiit, with "notched" terminus 
of tail. A, X ICO (after Faust, adapted from Looss); B, X 12° 
(after Faust). 

VII. Enterobius vermicularis (pinworm or seatworm, 
C-f “oxyuris”). — Mature worms are attached to the mucous 
coat of the cecum and appendix, but gravid females 
typically wander out the anus and migrate on the perin- 
eal skin, frequently entering the genital tract of female 
patients. The infection is cosmopolitan in distribution but more common 
in certain family and institutional groups than in the population at large. 
The males are 2 to 5 mm. long by 0.1 to 0.2 mm- in diameter, with a 
x entrally curved posterior end; the females, 8 to 13 mm. long by 0.3 to 
0.5 mm. in diameter with a long, delicately pointed posterior end. Infec- 
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tion is acquired by swallowing fully cmbrjonated eggs picked up by 
fingers after scratching contaminated perianal or perineal skin or from 
soiled underclothing or other foinites. Enterobiasis may be essentially 
symptornlcss, may cause an appcndicopathia, intense pruritus pc riant ct 
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VIII- Trichinella spiralis ("trichina" worm).— The adults live in the duo- 
denal mucosa, the encysted larva in skeletal muscle. (See Figs. SO, 81.) The 
infection is cosmopolitan in populations eating pork which is not thoroughly 
cooked or otherwise properly processed. The males are 1.4 to 1-0 mm. 
long by 40 to 50 microns in diameter; the females, 3 to 4 mm. long by 60 to 
lb microns in diameter. Infection is acquired from eating infected raw 
pork. The Iarvm excyst in the duodenum, enter the mucosa and rapidly 
develop to adults. The fernr'-- 1 * * 1 ■ 1 * 1 

venules and lymphatics, are * 
out in skeletal muscle and en< . . _ 

less or may have a sequence of symptoms characterized by acute food 
poisoning, excruciating myositis with edema, myocarditis and severe 
neurotoxic manifestations; it is usually accompanied by high cosinophilta. 
Diagnosis is difficult in the early stages but after the twenty-first day it 
may be made by muscle biopsy or by the intradermal test with specific 
Trichinella antigen. 



Fig 81 — Enci&twl mchmclla Ian se in striped porl. muscle. (Aldridge. Am Jour. Med Sci ) 

IX. Wucbereria bancrofti (Bancroft’s filaria) and II'- malayi (Malay 
filaria).— These are filaria worms with a predilection for development as 
adults in the small lymphatic vessels and in 1> mphoid tissues. They have an 
extensive distribution throughout warm climates (IK bancrofti practically 
engirdling the world, IV. malayi from Southern China to the Dutch East 
Indies and up the Bay of Bengal). The males are 40 mm. long by 0.1 mm. 
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These microfilaria: are picked up by certain mosquitoes, transform into 
larvae in the thoracic muscles and then migrate down the mosquito’s 
proboscis sheath. Infection results from the bite of the infected mosquitoes, 
with an incubation period in man of approximately one year. The incuba* 




c 


D 



Fio S3.— Microfilari® of important or common human filana worms. J, Microfilaria of 
I Yueha&xa banero/ti, D, of TVuchereria malayx; C, of Loa loa ; D, of Mantondla oerafdi; E. 
of AcanlhochetUmema pcrKant; F, of Onchocerca toltulut. nr. nerve ring; ep, excretory pore; ec. 
excretory cell. 1. S. 3, 4 ye and Gi, Gi-l, so-called "genital cells;’’ a or ap, anal pore. A. B, C, 
‘‘sheathed,*’ D. B, F, “ unsheathed ’’ A-E, from peripheral blood; F, from bwpBted skin. 
All X 532. (From Faust's Human Helminthology.) 




tion period and post-incubation period may be essentially symptomless, 
but are usually followed by episodes of acute inflammatory reaction in and 
around involved tissues and lymphatic vessels, especially when parent 
worms begin to die; with chronic sequelae of elephantiasis, varicose groin 
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glands, chyhma, ehylocele, etc. Diagnosis is based on the recovery of 
microfilaria; in blood films or other appropriate body fluids, and their 
specific identification (Fig. 83, A, B.) 

X. Onchocerca volvulus (convoluted filaria). — This worm lives as an 
adult in the midst of a dense subcutaneous fibrous t+w-.. * 

sive distribution in i ' . *■ . * . 

of Guatemala and * "■* ' 

escape from the parent nodule and migrate in cutaneous and subcutaneous 
lymphatic capillaries and intercellularly, with a tendency to swarm towards 
the e 3 - eball or optic nerve, producing lesions > which lead to diminished 
vision and frequently to blindness. The life cycle involves a small blood- 
sucking gnat, Simulium, which is the source of infection for other human 
beings. Diagnosis is based on recovery of a particular type of “unsheathed" 
microfilaria (Fig. 83, F) from biopsied skin placed in warm physiological 
salt solution, as well as demonstration of adult worms in section of sub- 
cutaneous nodules removed by operation. 



Fm 65. — Rhabditoid larva of Dracuncidut merfuiennt, aa discharged by gravid female worm 
from ruptured cutaneous blister into fresh water. (F rom Faust's Human Helminthology ) 

XI. Loa Ioa (loa worm).— The adults migrate through the subcutaneous 
tissue and periodically cross the front of the eveball This fnfVwinn is 
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just behind the path of the worm. It is acquired from bites of an infected 
mango fly, Chrysops, which is the required intermediate host 

XII. Dracunculus medinensis (Medina ot dragon worm) —The males 
and young females develop in the viscera or deeper somatic tissue; the 
gravid females migrate to the skin, producing a blister and discharging their 
larvae when the blister bursts on contact with fresh water. This infection 
is widely distributed throughout India, the Near East and Africa It is 
acquired from accidentally swallowing the infected intermediate host, 
water “fleas” (Cyclops), in raw drinking water. Diagnosis is based on 
prodromal allergic manifestations, together with the characteristic track 
and opening of the gravid female worm, and her partial emergence and 
discharge of larva; (Fig. 85) in contact with fresh water. 

XIII. Diphyllobothnum latum (the fish tapeworm).— The adults are 
attached by their scolex to the mucous coat of the small intestine. This 
infection is extensively distributed throughout Siberia, North, East and 
Central Europe, in the lake districts of northern Michigan, Minnesota and 
adjacent Canada, and in minor foci elsewhere. The adult worm measures 
3 to 10 meters in length, 

grooves, a “neck” and 

the latter discharging mt . _ . 00 - - 

The eggs require a period of embryonation in fresh water before batching 
When ingested by water “fleas” ( Diaytomus or Cyclops), the ciliated 
embryos penetrate into the hemocele of this host and develop into first- 
stage larvae; when the “fleas” are eaten by fresh-water fishes the larva; 
develop to the second stage ( sparganum ) in the flesh of the fish. Human 
infection results from eating raw fresh-water fish It may be symptomless 
or may cause digestive upsets, and at times may be associated with a 
macrocytic anemia and eosinophilia. Diagnosis is based on recovery of 
typical eggs (Fig. 77, J I) in the patient’s feces. 

XIV. Sparganum mansoni (larval stage of Diphyllobothnum mansoni).— 

Mature larva; of D. mansoni, naturally occur in many species of vertebrates 
. ’ ; human infection, par- 

the Dutch East Indies. 

Indo-China. Diagnosis 

is based* on° recovery of the living sparganum (about G mm. long, unseg- 
mented) from the human body at operation or at autopsy. 

XV. Hymenolepis nana (dwarf tapeworm).— The adults are attached by 
their scolex to the mucous coat of the small bowel. This infection is widely 
distributed in warm climates, especially among children. The adult worm 
measures 25 to 40 mm. in length, and consists of a scolex with four suckers 
and rostellar booklets, a “neck,” and not more than 200 proglottids, dis- 
charging mature eggs from the disintegrating distalmost proglottid. The 
eggs passed in the stool are immediately infective for man if they reach 
the mouth and are swallowed. Infection may produce neuro toxic mani- 
festations. Diagnosis is based on recovery of the specific type of egg in 
feces (Fig. 77, K). 

XVI. Hymenolepis diminuta (rat tapeworm).— The adults are attached 
by their scolex to the mucous coat of the small bowel. This infection is cos- 
mopolitan in its distribution in rats and mice but is rather uncommon in 
man. The adults are 20 to 60 mm. long and consist of a scolex with four 
suckers but no rostellar booklets, a “neck,” and a thousand or more proglot- 
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' 1 ■■ ■ " . ’ ng distalmost proglot- 

• . . . . intermediate host, as 

■’ . 3 develop into a larval 

"■ ' . — i — .\.*.:ed flea is accidentally 

taken into the mouth and swallowed. Infection in man may be accompanied 
by mild to severe neurotoxic symptoms. Diagnosis is based on tlie recover}' 
of characteristic epp$ tF ir. 77. 7,1 «»> th* *> n rt.ni 

\ ■ . : i'. 1 . . are attached 

■ . • ’ _ . ... x.. fection is cos- 

mopolitan in its distribution in dogs, less common in cats, and is occasional!}' 
found in human beings, particularly children. The adult worm measures 
25 to 100 cm. in length and consists of a scolex with four suckers and a 
rostellar proboscis armed with several rows of booklets, a “neck,” and a 
series of several hundred immature to gravid proglottids. The distalmost 
proglottids break off from the chain, either individually or in croups, and 
' . • _ n feces 

i .‘ . * arvajof 

e . >nns in 

the flea’s hemocele. These larva survive the flea’s metamorphosis to the 
adult stage and provide the source for canine, feline or human infection 
when the infected flea is accidentally taken into the mouth and is swallowed. 
Infection may occasion digestive upsets and nervous disorders. Diagnosis 
is based on the discovery of .evacuated proglottids and, on their compres- 
sion or dissection, the detection of many mother embryonic groups, each 
containing several characteristic eggs (Fig. 77, 0). 

XVIII. Tania saginata (beef tapeworm).— The adults are attached by 
their scolex to the mucous coat of the small bowel; they measure 5 to 25 
meters in length and co 
hooklets, a “neck” and 
infection is cosmopolita ’ : 

tids, provided with 15 t- * . .. — 

main longitudinal uterine stem, become detached from the parent worm 
individually or in groups and migrate out the anus or are passed in feces. 
The eggs are not usually found in feces but are discharged from disintegrat- 
ing proglottids on the soil. They require ingestion by cattle to hatch,. the 
embryos then migrate to the ox’s striated muscle, where they develop into 
bladder worms ( cysticercus larva;). Infection is acquired from eating infected 
raw beef. This infection may result in severe digestive disorders, with 
diarrhea, d>sphagia, loss of weight, insomnia and other neurotoxic mani- 
festations, or even acute intestinal obstruction; it is frequently accompanied 
by a secondary anemia, eosinophilia and neutropenia with moderate mono- 
cytosis. Diagnosis is based on the demonstration of gravid proglottids 
with their characteristic number of main lateral uterine arms, each packed 
with Tsenia eggs (Fig 77, J), which cannot be distinguished from those of 
T. solium. 

XIX. Teenia solium (pork tapeworm).— The adults are attached by their 
scolex to the mucous coat of the small bowel. The larva; ( Cysticercus cell- 
ulosx) are also capable of parasitizing all organs and tissues of the human 
body. This infection is cosmopolitan in pork-eating populations. The adults 
are 2 to 7 meters long, and consist of a scolex with four suckers and a rostcl- 
lar crown of booklets, a “neck” and somewhat less than 1000 immature to 
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gravid proglottids. Gravid proglottids, provided with 9 to 13 main lateral 
uterine arms on each side of the main longitudinal uterine nmoii., 


worms (cysticercus larva?). Human infection with adult worms is due to 
ingestion of infected raw pork, infection with the bladder worms is due to 
swallowing viable eggs of this worm. Adults of this species frequently 
produce digestive and nen ous disorders similar to T. saginata ; the cysticerci 
may develop in any tissue of the human body; in the brain they frequently 
Diagnosis is based on the demonstra- 
characteristic number of uterine arms 
] ■ . x o or of the cysticerci obtained by biopsy 

or at autopsy. 

XX. Echinococcus granulosus (hydatid worm).— The adults are typi- 
cally attached by their scolex to the mucous coat of the small bowel of the 
dog and its wild relatives; they are minute, only 3 to G mm. in length and 
consist of a scolex, a "neck,” one immature, one mature and one gravid 
proglottid. This infection is cosmopolitan in sheep-raising countries. The 
gravid proglottid disintegrates in the bowel of the dog, shedding Tania- 
like eggs which are passed in the dog’s feces. Human beings, like sheep, 
cattle or hogs, which take in food or drink contaminated with these liable 
eggs, provide opportunity for hatching of the eggs and the migration of 
their escaping embryos throughout the body, with lodgment in a capillary 
filter bed, as in the liver, lungs, brain and the shafts of long bones. The 
embryos develop slowly into many-headed larvae (hydatid cysts), which 
sooner or later occasion severe symptoms due to pressure and slow or 
sudden discharge of their toxic hydatid fluid. An additional hazard is 
their capacity to implant their daughter heads (scolices) on internal mem- 
branes. Diagnosis is based in part on the history of a slow ly grow ing mass, 
especially in the lower right portion of the liver; possibly on demonstration 
of hydatid "thrill;” but usually preoperatively on specific intraderma], 
precipitin or complement-fixation tests. (See below, page GOO ) At opera- 
tion or autopsy the cysts usually provide specific diagnostic evidence, 
including the laminated outer layer and germinathc inner laj’er of the 
cyst wall with scolices and frequently daughter cysts floating free in the 
hydatid fluid. 

XXI. Schistosoma japonicum (Oriental blood fluke).— The adults arc 
typically found in the mesenteric \enules draining the small bowel. The 
males are 12 to 20 mm. long by about 0.5 min. in diameter, with two 
acctabula close together at the anterior end and a deep sex canal (a furrow 
extending from the second [ventral] acetabulum to the posterior extremity) ; 
the more delicate females (20 mm. by 0.3 mm.) are usually held in the sex 
canal of the male. This infection is found in Japan, Formosa, the Philip- 
pines, Celebes ami in widespread foci in Central, South and West China. 
Embn onated eggs, laid in the smaller venules, by h tic and mechanical 
means escape into the perivascular tissues and into the lumen of the small 
bowel, are passed in feces with blood and mucus, hatch m fresh water, and 
the escaping larva? (miracidia) attack and enter appropriate species of 
spails. After ft two-fold multiplication w ithjn the snail swarms of fork-tailed 
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J. SO. — Geographical dulnlmtion of »c!natoa 
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lame emerge and swim about m the water. Human infection results from 
penetration of larva: into tiie skin following swimming or bathing in “in- 
fected water.” The lame migrate through the blood stream tia the right 
heart, the lungs, the left heart, aorta, mesenteric artery, capillaries and 
venules into the portal stream, then grow and migrate to the venules 
draining the small bowel. Infection occasions profound toxemia, with 
fever, anemia, high cosinophilia, neutropenia and monocytosis. Abscesses 
and pscudotubcrcles develop around each egg which becomes lodged in 
the intestinal wall, Jymph nodes, liver and other organs, with resultant 
fibrous thickening of the involved intestine, cirrhosis of the liver with 
eventual ascites, splenomegaly, emaciation and death. Diagnosis »s based 
on the recovery of the characteristic eggs (Fig. 77, U) in the stool, espe- 
cially hi flecks of Mood and mucus. 

XXII. Schistosoma mansoni (Manson's blond flnlei — ti,„ 


meninry iimerciilntions. The infection is extensiv cly distributed through- 
out Africa, also ill Brazil, Dutch Guiana, Venezuela, the Lesser Antilles and 
Puerto Ilico. Oviposition, the extrinsic phase of the life c.\ cle, the method of 
human exposure and the production of lesions arc similar to S, japomcnw, 
but the prognosis is slightly better because of the smaller number of eggs 
laid by each female worm and consequently the smaller number of psemlo* 
tubercles ' ‘ • . ■ • : 1 ■ . ■ ■ » 

fFig. 77, *.■■■■• . . ' . 1 . ' ■ 

sixllmenta* : •• 

XXIII. .v. . ■ : ,. .. ^..;r 

typically found in the venules draining the urinary bladder or in the pi hie 
plexuses. They resemble S. }a\>oniciim and S. vtansoni but the males are 
•shorter and broader (10 to 15 inui. by I mm.). This infection lias an exten- 
sile distribution throughout Africa, and in the NY.ir East as far as Iraq 
and Iran. The life cycle of the jura site and the pathogenesis of the disease 
arc similar to S . jajxnticum except that Uh* eggs are passed in 11 elks of 
Mood, mucus an«l pus cells at the end of periods of micturition, and that 
the urinary bladder, pelvic organs ami lungs are primarily involved. 
Diagnosis is based on the recovery of tile characteristic eggs (V'ig. 77. X) 
in sedimented urine. 

XXIV. FascSoU hepatic* (sheep liver fluke).— The adults live in the 
proximal bile ducts and the gall Madder. Thev are nlatin lv flu* by ami 
imaMin* 1W to '’At mm. in length by 7 to 13 nun. in bnadth. This infection 
is present throughout the ‘diecjM’uising countries of the world and occurs 
in ,v(t tvpes of herbivorous animals, csjiecially dux J» and gi^Ls. Hi port td 
human casts mimbrr sevrr.il huridml. The uiumbrvotiatrd eggs, laid in 
the bile ducts and gall htaddi r, jum down the bond and are evacuated in 
fiH-c«. They require iuciil>atioii and hatching in frr»h water, a two-fold 
dcvilopmelit in « rtaiu species of *naih, r^Jje of the cerrarial larva: from 
the siuil and enev .stun nt on aquatic vegetation, whi n ujmn consumption of 
the 'cg< talton constitutes the source of rxjmsure h>r man. On ingejtion bv 
the drfinitive host the larva: rx<V't, U»rr through the intestinal wall, 
travcri* the peritoneal cavity and burrow through the Jivrr jurrmliv n-a. 
tinall s v arriving in the bile dints whrre they develop to adult*, laght infer- 
lion* in man may f/e rvcntially »v nij.londcvs but bravirr infix t»,r»k f»r» 
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cosmophilia may be present. Diagnosis is based on the reco\ cr^of ^ic 
characteristic eggs (F.g 77, P) in /ecus or in biliary drainage. Th«- Trc 
£ indistinguishable from eggs of Fasciolopsis bushi. 

f>usM (giant intestinal f]uke).-The adults are 
attached by their suckers to the mucous coat of the small bond, typically 
at the lc\ elof the duodenum. They are fleshy worms, measuring 


arc evacuated in feces require embryonation in fresh water,’ hatch °and" the 
mintcidml larxae invade and develop in certain species of snails, with two- 
fold multiplication. Later the cercarial larvae emerge from the snails and 
encyst on certain water plants. Wien these plants are consumed raw by 
man, the lan a; exeyst. attach themselves to the duodenal mucosa and 
develop into adults. Infection results in the development of phagedenic 
lesions at the sites of attachment of the worms to the intestinal mucosa 
dysphagia, severe systemic toxemia, with edema and frequently ascites’ 
marked cosinophilia and neutropenia. Diagnosis is based on the rronven’ 


ducts. Infection is widely distributed in sheep but is rare in man." Char- 
acteristic eggs (Fig. 77, Q) are reco\ered from feces. 

XXVII. EchinostomeS.— The adults, which are attached to the mucous 
coat of the small bowel, typically have a collar of booklets around the 
cervical region. These infections are rather common in the Orient. The 
operculatc eggs are smaller but in general resemble those of Fasciola 
hepalica (Fig. 77, P) and are recovered in feces. 

XXVIII. Heterophyoid FIukes.-The adults grossly resemble minute 
mustard seeds and are found attached to, or burrowing into, the mucous 
coat of the small bowel. Infection is widely distributed in the Far East iu 
Egypt and in Southeastern Europe. The most prevalent species are Heler- 
ophyes helerophycs (especially in Egypt) and Metagonimus yokogaicai (in the 
Far East). Eggs evacuated in feces are eaten by certain species of snail* 
in which they hatch and develop, with a two-fold multiplication. The 
cercarial larva; which emerge from the snails attack and encyst in fresh- 
water fishes. When man eats infected raw fish he acquires the infection. 
Infection may be essentially symptomless or may produce a mucous 
diarrhea. At times the eggs infiltrate into the submucous coat of the bowel 
and are carried in the lymphatics or blood vessels to filter out in heart 
muscle, producing a type of hypertension simulating wet beriberi; or in 
the central nervous system, causing symptoms referable to the’ levels 
involved. Diagnosis is based on the recovery* of the characteristic eces 
(Fig. 77, R, S) in feces. bb 

XXIX. Opisthorchis felineus (cat . 
transparent, delicate worms measuring . 

breadth. They reside in the distal bile , 

in Eastern and Southeastern Europe, in Ruida and Siberia and’lA’ parts" of 
French Indo-Chma. the eggs pass down the bile duct and intestine and 
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small specimen. Hence a representative sample of the stool can be placed 
in a 1-ounce metal salve box having a cardboard top used for the patient’s 
name and address or identification number and can be shipped in a mailing 

, . ■ specimen 

■ . • I . ’ )gical salt 

....... ■ m. square 

cover slip- The most serviceable slides for fecal examination measure 
75 by 37 to 40 mm. and are alkali-resistant. The film to be examined should 
be thin enough so that newspaper print can be read through it. The 
microscope should be equipped with a mechanical stage, preferably built 
onto the instrument. The film should be examined first with the low-power 
objective (16 mm.), and the high dry objective (4 mm.) reserved for the 
actual identification of the object, once it has been found. Rarely is the 
oil-immersion objective needed for diagnosis of eggs or larvae present in 
feces. 

Wien active hookworm or Strongyloides larvae are found in the film, 
they may be inactivated and stained by drawing a drop of iodine solution 
through the film. Enterobivs eggs are not commonly found in feces of 
infected patients, so that perianal or perineal swabbings are much more 
satisfactory for the detection of this parasite. T tenia eggs may not be 
found in the stools of persons continually passing ripe proglottids of the 
worm. A relatively large number of Ascaris eggs in an unconcentrated 
film does not necessarily mean a large number of parent worms, but a 
comparable number of hookworm or Trichocephalus eggs suggests at least 
a moderate infection. Infertile Ascaris eggs are not uncommonly confused 
with undigested vegetable cells and Txnia eggs may be mistaken for stone 
cells of plants. Plant hairs constitute a common pitfall in searching for 
Strongyloides larvae. 

o Concentration Technics for the Recovery of Helminth Eggs and Ra roe 
From Feces.— These consist of floatation and of centrifugalization and their 
various modifications. . _ 

(a) Floatation Technics (Willis Levitation Technic).— 1 his consists in 
mixing a small amount of feces with approximately 10 parts by volume of 
a saturated solution of unrefined table salt. After about ten minutes most 
eggs will float to the surface and may be removed with a wire loop to a slide 
for examination. Concentrated solutions of calcium chloride or of glucose 
may be substituted for tlic solution of table salt but are less economical. 
Eggs of Schistosoma spp. are usually shrunken in these saline concentrates, 
so as to make identification difficult, while eggs of Clonorchis sinensis and 
heterophoid flukes are too heavy to rise to the surface. Floatation technics 
are not satisfactory for helminth larvae. Usually considerable debris from 
the feces also rises to the top of the feces-saline mixture and obscures the 
eggs. This difficulty may be obviated by straining the mixture through a 
Iaver of cheesecloth before allowing floatation to occur. Floatation is the 
implest concentration technic and can be utilized in the field or in labora- 
. i . is verv meager . ' 


^Tso allows concentration of protozoan cysts which may be m the specimen. 
0 5 -gm. fecal specimen is thoroughly mixed with about 10 parts by 
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volume of tap water, and is then strained through a single layer of 16- to 
20-mesh cheesecloth (to remove debris) into a 13 by 100-mm. serological 
pyrex glass tube. Because of their rounded bottoms these tubes are better 
for fecal concentrates than the conventional 15-cc. centrifuge tubes, since 
the material does not easily pack in the base of the tube. The tubes are 
revolved in the centrifuge at a moderate speed for thirty to sixty seconds, 
are then removed, the supernatant liquid poured off, the tubes filled with 
water, in which the fecal material is thoroughly mixed, and are again 
centrifugalized. Theoretically, the centrifugalization should be repeated 
until the supernatant fluid is clear, but in practice two spinnings are usually 
satisfactory. 

(c) The Claytoji-Lane Technic .— This is a refined combination of floata- 
tion and centrifugalization, whereby the quantity of the eggs in a weighed 
sample of feces may be accurately estimated. The method is of particular 
value for research workers but requires special apparatus and is not prac- 
tical for the a\ erage clinical laboratory. 

(d) The Zinc Sulfate Centrifugal Floatation Technic . — The steps in this 
technic are as follows: 

(1.) A fecal suspension is prepared by comminuting about 10 parts of 
lukewarm tap water with one part of the stool specimen (about the size 
of a pecan). 

(2.) Approximately 10 cc. of the suspension are strained through one 
layer of wet cheesecloth (in a small funnel) into a Wassermann tube. 

(3.) The preparation in the tube is then centrifugalized for forty-five to 
sixty seconds at top speed of an International clinical centrifuge ( ca . 
2500 r.p.m.). The supernatant fluid is poured off, 2 or 3 cc. of water are 
added, the sediment is broken up by shaking or tapping, and additional 
water is added to fill the tube. 

(4.) Repeat "3” (usually 3 or 4 times) until the supernatant fluid is clear. 

(5.) The last supernatant fluid is poured off, 3 to 4 cc. of zinc sulfate 
solution of the specific gravity 1.180 (33 per cent solution) are added, the 
packed sediment is broken up and enough zinc sulfate solution is added to 
fill the tube to about one-half inch of the rim. 

(6.) The tube is centrifugalized for forty-five to sixty seconds at top speed. 

(7.) Several loopfuls of diagnostic material floating in the surface film 
are removed by means of a bacteriological loop onto a clean slide, 1 drop 
of D’Antoni’s iodine stain is 'added and the preparation agitated manually 


for the concentration at one time of protozoan cysts, helminth eggs and 
larvre in a diagnosable and viable state. 

\t(e) Simplified Zinc Sulfate Centrifugal Floatation Technics. Otto, Hewitt 
and Strahan (1941) have utilized a zinc sulfate solution of specific gravity 
1.180 as a direct floatation medium, without screening the comminuted 
feces through cheesecloth. The technic is performed in shell vials (o cm. 
high by 1.8 cm. diameter), and the harvest of protozoan cysts andhelminth 
eggs is obtained on superimposed J-inch square cover glasses. Ibis method 
was found to be slightly inferior to the original technic of Taust and Ins 
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associates (1938, 1939) for protozoan cysts but appreciably better for 
helminth eggs. 

Summers (1942) has recommended a centrifugal floatation technic, 
utilizing zinc sulfate solution of specific gravity 1.200, without straining, 
for formalinized feces. This is apparently fairly satisfactory for helminth 
eggs but does not allow discriminate differentiation of protozoan cysts/ 

(f) Sedimentation .— Eggs of Schistosoma mansoni and S. japonievm are 
best concentrated by diluting a generous portion of the suspected, fecal 
specimen in water, pouring it into a large urinalysis glass and then allowing 
sedimentation to occur. Several decantations and additional washings are 
at times necessary to provide adequate concentration. The eggs may then 
be pipeted from the bottom sediment. Sedimentation should be completed 
within four to six hours after dilution has been made, else hatching may 
occur. 

3. The Stoll Technic.— This method is used in the quantitative esti- 
mation of eggs in a weighed sample of feces. It is not a concentration but 
a dilution method. The technic is as follows: 4 gm. of feces are weighed 
out and placed in a graduate, small Erlenmeyer flask, or large test tube 
having a mark indicating a GO-cc. level, and decinormal sodium hj droxide 
is added up to the GO-cc. mark. Several small glass beads are now added, 
the container closed with a rubber stopper and the contents shaken until 
the feces are thoroughly comminuted. A hard fecal specimen should be 
left in the liquid overnight to secure adequate disintegration. When proper 
comminution has been obtained, the mixture is thoroughly shaken up and 
0 15 oc. of the suspension is drawn up into a capillary pipet, discharged 


of eggs per gm. of feces The estimated daily output of eggs can then be 
secured by multiplying the number per gm. by the total weight of a twenty- 
four-hour fecal specimen. The estimate obtained is usually accurate within 
10 to 20 per cent, but varies per gm. of feces for a particular species of 
helminth, depending on the consistency of the feces (whether liquid, semi- 
formed formed or hard). It also varies in total daily output per female 
worm in a given period of .time, depending on the number of worms in the 
infection, as well as on the duration of the infection. 

4 Worms or Portions of Worms Migrating Out of the Anus.— Adult 
Enterobius females habitually migrate out of the anus and their eggs 
commonly are shed into the perianal and perineal skin folds. The worms 
may be passed in the feces but more commonly crawl out of the anus at 
night Patients who believe themselves to be suffering from infection with 
seatworms should collect one or more specimens of the worms, preserve 
them in rubbing alcohol and bring them to the clinical laboratory for 
verification. Mature and immature Ascaris are frequently passed spon- 
taneously by the host. Tapeworm proglottids (species of Txnia or Dipy- 
lidium caninum) singly or in chains, are usually discharged periodically in 
the stools of infected patients. Specific identification of these worms can 
most readily be made from the unpreserved moist proglottids. 

5 Anal Swab Technics.— The most efficient method is the National 
Institute of Health (NIH) swab technic (Hall, 1937; Sawitz, Odom, and 
Lincicome, 1939). 
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The NIH Swab Technic.— The NIH swab, a glass rod tipped with 
cellophane held in place with a rubber band, is employed to swab the 
perianal area for Bnterobius eggs. The cellophane with the adhering 
material is removed from the rod, is flattened between two glass slides and 
examined with low power of the microscope. 'While a single swab exami- 
nation provides a high percentage of the total positives, not less than 
seven swab examinations should be made before a suspected patient is 
diagnosed as negative. This technic provides many times more, positives 
than the most efficient technics for concentration of eggs from feces (i. e., 
zinc sulfate centrifugal floatation, brine floatation, etc.). 

Perianal swabbing is also recommended for the recovery of eggs of 
Txnia and of Schistosoma mansoni. 

II. Examination of Urine.— Urine is the almost exclusive body excretion 
in which eggs of Schistosoma hxmatobium are discharged. The specimen of 
urine is collected in a urinalysis or sedimentation glass and the eggs allowed 
to sink to the bottom, together with erythrocytes and pus cells. The 
bottom sediment is then pipeted onto a fecal slide and examined micro- 
scopically. In Bancroft's filaria infection with chyluria the microfilari® 
are discharged in the urine. They may readily be recovered from cen- 
trifugalized specimens. 

III. Examination of Sputum.— Eggs of Paragonimus u-estermani are 
commonly coughed up and discharged in the sputum. In Paragonimus 
patients with pulmonary involvement, the sputum may or may not be 
stained with blood, but it is invariably sprinkled with minute iron-brown 
flecks, which are the eggs of the parasite.' In persons infected with Strongy - 
hides, less commonly with hookworms and A scar is, during the passage of 
the migrating lame from the bronchioles up to the epiglottis, the lame 
may be recovered from the sputum. Likewise, patients having Syngamus 
worms in the trachea will at tiroes discharge eggs or the paired adult 
worms after paroxysms of coughing. 

IV. Recovery of Lame and Microfilarias From the Blood.— During the 


Microfilaruc are most usually found in thick blood films. In Wuchercria 
baticrqfti and IV. malayi infections they are most readily demonstrated in 
blood taken between 10 r.M. and 4 a.m.; in Loa loa infection they are most 
numerous in the peripheral circulation around mid-day. Onchocerca volvulus 
larva: rarely, if ever, circulate in the blood stream. 

A convenient way of preparing the thick film is to draw up 20 cm m. of 
blood at the appropriate time into a blood-counting pipet and discharge 
it immediately upon an absolutely clean microscopic slide in a spiral the 


in a drying oven at 35° C.), and is then immersed vertically in dilute 
Giemsa’s stain, or in Wright’s stain diluted 1 to 30 with distilled water. 
After thirty to sixty minutes, during which both tlchcmoglobinization and 
staining occur, the slide is removed from the solution without washing, 
the excess solution drawn off with filter paper and the slide dried without 
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blotting. As an alternative, tbe dried thick film may be dehemoglobinized 
in dilute hydrochloric acid (0.5 per cent), neutralized in lithium carbonate 
solution (1 per cent) and then stained with iron-alum hematoxylin. 

V. Biopsied Material and That Obtained at Operation. —Biopsy technic 
is useful in recovery of suspected organisms which may be present in 
the skin, the subcutaneous tissues and somatic musculature. In patients 
with trichinosis (after tbe fourth week), small strips of deltoid muscle 
are removed under local anesthesia and are digested with pepsin by the 
Bachman technic. The larvae should be searched for in the sediment 
after centrifugation. Larvae of Txnia solium ( Cysticercus cellulosx) are at 
times present in the skin, subcutaneous tissues or superficial muscles, 
where they appear as soft, whitish, elevated tumors, which usually produce 
no pain. After removal from the patient, the suspected tissue may be 
fixed and sectioned in ioio or the cysticercus may be dissected out of its 
adventitious capsule, the bladder opened by puncture and the specimen 
mounted on a slide under a cover glass and examined under a microscope. 
In geographical areas where Onchocerca volvulus is present, indurated 
nodules appear at various sites on the patient’s body, particularly on the 
head and at the junction of the long bones. Upon removal of the suspected 
tissue it may be fixed and sectioned for examination. In patients operated 
on for infection with hydatid cyst ( Echinococcus granulosus larvte) it is 
usually imperative for the surgeon to have immediate information regarding 
the character of the fluid aspirated from the cystic cavity (t. e., whether 
it contains viable scolices and daughter cysts, whether it is sterile or 
whether it is secondarily infected). The clinical pathologist should have 
his microscope nearby the operating amphitheater and be prepared to 
provide immediate diagnosis of the material while the patient is on the 
operating table. 

VI. Helminths Obtained Following Chemotherapeusis.—This applies 
exclusively to parasites of the intestinal tract. In the case of tapeworm 
infections it is important to examine all stools for at least twenty-four 
hours (preferably forty-eight hours) following anthelmintic medication, 
in order to determine the efficiency of the treatment. Due to post-treat- 
ment purgation, the stools are usually liquid and the worms are readily 
recognized and isolated. Examination is facilitated by placing small 
amounts of the evacuated material in a large flat Petri dish. _ Special 
care must be used to find and identify the heads of tapeworms, since cure 
of tapeworm infection can be guaranteed only in case the heads are dis- 
lodged from the bowel wall. In nematode infections, the adult worms may 
be similarly recovered, but the usual procedure is to allow several days to 
elapse after chemotherapeusis, and then examine the feces of the patient 
for eggs or larvre of the residual worms. In strongyloidiasis and in clonor- 
chiasis, follow-up examinations must be repeated several times in order 
to determine tbe value of the therapeusis. 

VII. Helminths Obtained at Autopsy.— Most satisfactory results are 
always secured from autopsies performed within two to four hours after 
death. After the gastrointestinal tTact has been remos ed from the 
body it should be opened along the line of lesser curvatures and the con- 
tents from the several levels collected separately for subsequent examina- 
tions. Hookworms and whipworms should be removed by gentle trac- 
tion from their attachment to the bowel wall. Strongyloides in the wall 
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may be obtained by careful scraping of the mucosa, particularly of the 
duodenum and jejunum, and examining in a 2 per cent Glauber salts 
solution to dissolve the mucus, but blocks of supposedly infected tissue 
should always be cut out and fixed as soon as possible in Zenker's fluid, 
later sectioned and examined microscopically. Minute worms, as Trick- 
inella adults and heterophyoid flukes, are most readily obtained by placing 
the opened bowel in luke-warm physiological salt solution, shaking 
vigorously and examining the liquid for the worms either in a large flat 
Petri dish or by passing the liquid through fine bronze screen or bolting 
cloth. For Clonorchis , Opisthorchis, Fasciola and Dicroccelium, infections, 
the gall bladder and biliary passages must be opened and carefully 
examined. For Schistosoma mansoni and S. japonicuin infections, the 
liver should be removed intact with its connections to the entire intestinal 
tract, and the mesenteric venules carefully examined. If the blood has 
not yet dotted, the venules may be irrigated by forcing a citrate solution 
into the main mesenteric arteries and allowing it to flow out through open- 
ings made in the main extrahepatic portal veins. If clotting has already 
occurred, the veins must be carefully dissected to recover the worms. 
Likewise, the intrahepatic portal vein must be opened and search for the 
worms made there. Representative blocks of intestine, mesenteric lymph 
nodes and liver should always be fixed and sectioned. For S. haematobium, 
the urinary bladder and other organs of the pelvic region, together with 
their blood supply, should be removed and similarly examined. Para- 
gonimus is most commonly found within cystic tumors in the depth of the 
lungs but the worms may have developed in the abdominal viscera or 
even in the brain. Echinococcus cysts most frequently occur in the liver 
but have been recovered from practically every organ and tissue of the 
body. The adult Bancroft’s filaria worms may develop in lymph nodes 
and lymphoid tissue in any portion of the body, but are most commonly 
located in the groin, medially above the testes or at the proximal end of 
obstructed lymph tracts. 

Most helminths do not require delicate technics for satisfactory presen a- 
tion Tapeworms and trematodes usually fix well in steaming (not boiling) 

2 per cent formaldehyde (5 per cent formalin), and nematodes may be 
fixed in the same medium to which glycerol (1 part to 10 by volume) has 
been added before the fixative is heated. In case large tapeworms are 
desired for demonstration specimens, they should be allow cd to die and 
should be placed in the desired position before fixation. Sections of tissues 
containing helminths and their eggs or lame should be fixed in Zenker’s 
fluid. For museum specimens, in which it is desirable to retain the natural 
color of tissues, the Kaiserling technic should be employed. For staining 
microscopic sections containing helminths, Dclaficld’s hematoxylin with 
cosin is fairly satisfactory. For die more delicate fixation of helminths, 
needed for study of the more detailed histology and cytology" of die worms 
Gilson's or Bourn's fluid is recommended. _ 

Eggs of helminths obtained from ccntrifugalization or sedimentation of 
feecs or urine arc satisfactorily fixed and presened in steaming 4 per cent 
formaldehyde. Paragommus eggs in sputum may be preserved in a plicnol- 
gtycerol solution (phenol, 1 per cent; glycerol, o per cent; distilled water, 
9-1 per cent). 

41 
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VIII. Serological Tests for Helminthic Infections.— Only the most 
important practical tests can be listed here. These include: (1) the intra- 
derm al test; (2) the precipitin reaction and the complement-fixation test. 

1. The Intradermal Test.— (a) Trichinosis . — The intradcrmal test is a 
valuable aid for diagnosing infection with Trickinella spiralis. It is par- 
ticularly helpful in mild cases, which manifest only vague symptoms. The 
following is an adaptation of the Bachman technic (1928). Antigen is pre- 
pared from laboratory rats infected with Trickinella. For each SO gm. of 
meat from the sacrificed rat 1000 cc. of a 0.6 per cent pepsin— 0.3 per cent 
HC1 solution is used to digest the larva; out of the meat, the material being 
kept at 37° C. for five to twelve hours and shaken from time to time. The 
digest is then poured through sit layers of cheesecloth, diluted with an equal 
amount of water and allowed to stand in a graduate for two hours. The 
upper third of the liquid is drawn off and replaced with warm tap water. 
This process is repeated six or eight times until the supernatant fluid is 
clear. The purified material is left in a sedimentation glass overnight and 
next morning is placed in a Petri dish, allowed to diy and then transferred 
to a beaker with ether to remove lipoids. After twenty- four hours the 
ether is removed from the top and the residue dried in racuo over sulfuric 
acid for forty-eight hours. The dry yield is puherized in a clean dry 
mortar and kept in sterile ampules or dissolved in Coca’s or McCoy’s 
solution, 1 to 100 parts by weight. This latter constitutes the stock solu- 
tion. For intradermal tests it is diluted 1 to 50 to secure a 1 to 5000 dilu- 
tion. This is kept on ice until used. In the test, 0.1 cc. of antigen is intro- 
duced intracutaneously on one forearm and an equal amount of the solution 
lacking the antigen is injected intracutaneously on the other forearm. In 
positive cases (whether clinical or sub-clinical in type) a small white swell- 
ing appears immediately around the injected site, surrounded by an 
unraised irregular erythematous area of about 5 cm. diameter. The reaction 
reaches its maximum in about ten minutes and begins to fade in fifteen 
to twenty minutes. In negative cases there is no reaction. It is always 
desirable to supplement tire intradermal test with a precipitin test {tide 
infra), especially to determine if the infection has been of recent origin. 

(6) Hydatid Cyst .— The antigen usually employed consists of sterile 
hydatid fluid obtained by puncture of unilocular hydatid cysts of sheep, 
pig3, oxen or human cases. Only clear fluid from active cases is used. 
Preferably several samples are pooled to obtain uniform reactions. The 
liquid antigen is filtered, incubated to test its sterility, and placed in sealed 
ampules on ice. The most potent hydatid antigen is that provided by the 
Dennis technic (1937). 

Freshly aspirated, bacteriologically sterile, hydatid fluid from cysts 
of the liver and lungs of infected cattle and sheep constitutes the source 
of the antigen. About I liter of the fluid is chilled, acidified by the addi- 
tion of 5 per cent trichloracetic acid, and placed in the ice-box overnight 
to accelerate flocculation. The precipitate is obtained by repeated cen- 
trifugalization and is next washed in distilled water to remove excess 
acid. It is then suspended in about 50 cc. of distilled water and 10 per 
cent sodium hydroxide added, drop by drop, until practically all of the 
protein is in solution. The insoluble residue is collected by centrifugaliza- 
tion and discarded- The solution is then chilled, the protein reprecipi- 
tated by the addition of l N glacial acetic acid and left in the ice-bos 
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overnight. It is then recentrifugalized, washed free of acid and evapo- 
rated in a drying oven at 37° C. or over calcium chloride. The dry pre- 
cipitate is ground in a mortar and stored over calcium chloride in a desic- 
cator. About 100 mg. of purified antigen may be obtained from each 
liter of hydatid fluid. Stock antigen solution is made up 1 to 1000 in slightly 
alkaF *’**’■' . 3 sterilized by filtration 

throi " . . ■ : chloroform. This solu- 
tion . _ . ! . ; .atid fluid. 

For intradermal tests the purified powdered Dennis antigen is diluted 
1 to 10,000 in physiological salt solution, and 0.2 cc. of this solution em- 
ployed. Possibly the most specific skin test may be obtained by using 
the polysaccharide portion of antigen extracted from hydatid scolices. 

2. The Precipitin Reaction.— This constitutes a delicate specific test but 
is subject to misinterpretation on the part of unskilled workers. It is par- 
ticularly valuable in checking diagnoses made by intradermal tests, in 
patients suspected of harboring Trichinella larsie or hydatid cyst. Eight 
serological tubes are arranged in series. Into the first six, 0.2 cc. amounts 
of patient’s serum are introduced. In the seventh tube an equal amount 
of normal human serum is placed and into the eighth an equal amount 
of infected rabbit’s serum is placed. The tubes are respectively overlaid 
with the following solution: (1) 0.2 cc. Trichinella (or hydatid) antigen, 

1 to 100 in Coca’s solution; (2) 0.2 cc. antigen, 1 to 200; (3) 0.2 cc. antigen, 

1 to 400; (4) 0.2 cc. antigen, 1 to S00; (5) 0.2 cc. antigen, 1 to 1000; (G) 

0 2 cc. Coca’s solution lacking the antigen; (7) 0.2 cc. antigen, 1 to 100, 
(8) 0.2 cc. antigen, 1 to 100. Negative sera remain perfectly clear, while 
positive sera develop a white ring, within thirty minutes, at the level of 
contact with the antigen, and the antigen usually becomes cloudy. Tins 
technic detects positive cases without a clinical history of trichinosis as 
well as clinically positive ones, but is less sensitive in old chronic cases 
than is the intradermal reaction (Hall, 1937). 

3. The Complement-fixation Test.— This serological test has been em- 
ployed in the diagnosis of hydatid cyst, schistosomiasis, trichinosis, etc. 
In general, it resembles the Wassermann technic for syphilis. 

(a) Hydatid Cyst .—' The antigen consists of hydatid fluid removed asep- 
ticnlly from known infected human cases or from infected domestic mam- 
mals. Contaminated antigen must not be used. Except in heavily endemic 
areas antigen is difficult to obtain. For tin’s test the Dennis purified pow- 
dered antigen (see above) is diluted to 1 to 3000 concentration and is utilized 
as in the Kolntcr modification of the Wassermann test. This antigen is 
sensitive, specific, not anti-complementary and apparently gives no false 


positive tests. 

(6) Schistosomiasis. —The antigen is group-specific. It is usually pre- 
pared as an alcoholic extract of molluscan tissues infected with mammalian 
schistosome ccrcaruc (1 cc. 95 to 96 per cent alcohol for cadi infected snail 
liver). After extraction at 37° C. for twenty-four hours, it is filtered, the 
filtrate then evaporated and thoroughly dried, weighed and dissolved in 
physiological salt solution (I to 40 by weight). Most authorities agree that 
the antigen is a lipoid rather than a protein. This test is most useful in 
patients jussing through the incubation period of the disease, before eggs 
are being discharged and in old chronic cases, in which extensive fibrosis 



692 


HELMINTHIC INFECTIONS 


of the bowel or bladder wall usually prevents evacuation of eggs. Positive 
cases should be checked with a routine Wassermann test to preclude 
syphilis. 


DIAGNOSTIC KEY FOR THE IDENTIFICATION OF THE MORE 
COMMON HELMINTH EGGS AND LARV-E* 


1 (19,24). Eggs.. .* 2 

2 (14). Provided tcith an operculum 3 

3 (9). Uncmbryonafcd 4 


4 (5). In sputum. Broadly ovoidal, dark golden-brown; moderately 

thick-shelled, with relatively da t but distinct operculum and 

thickened abopercular end; size: SO-118 x 48 x CO u 

Paragonimus urstermani (Fig. 77, V). 

5 (4). In feces G 

6 (7, 8). Large, hcn’s-egg-sliaped, light yellowish or greenish-brown, 

with relatively thin shell and small, indistinct operculum. 

f.Size: 130-150 x 63-90 y 

Fasciola hepaliea and Fasciolopsis buski (Fig. 77, P). 

ii. Size: 83-116 x 58-69 y 

Echinosloma ilocanum. 


in. Size: 120-130 x 80-90 y 

Echinostoma malayanum. 

7 (6, 8). Long, narrowly ovoidal to elliptical, with a small, dis- 

tinctly domed operculum; size 150-170 x 60-70 y 

Gastrodiscoides hominis (Fig. 77, IV). 

8 (6, 7). i. Broadly barrel-shaped, relatively thick-shelled, with a 

broad, slightly domed operculum; size: ca. 70 x 45 y . . . . 

Diphyllobolhrium lalum (Fig. 77, Jf). 
ii. Narrowly barrel-shaped, relatively thick-shelled, with a narrow, 

distinctly domed operculum; size: ca. 60 x 35 y. • • • 

Diphullobot hriu m houahtoni, D. mansoni, D. erinacei, D. de- 
cipiens, etc. (Fig. 77, N). 
Likewise Paragonimus westermani in sputum eggs may be 
swallowed and passed in the feces. See “4” above. 

Fully embryonated 

Medium-sized (38-15 x 22-30 u), with a thick, dark-brown 

shell, having a distinctly domed operculum _ 

Dicroccelium dendriticum (Fig. 77, Q). 

Minute eggs, with a distinct operculum 

With enclosed miracidium having asymmetrically arranged 
lytic glands. 

t. Size: ca. 30 x 11 y .Opisthorchis felineus (Fig. 77, T). 

ii. Size: 27.3-35,1 x 11.7-19.5 y. .Clonorchis sinensis (Fig. 77, 17). 
13 (12). With enclosed miracidium having bilateral symmetry of 
lytic glands. 

i. Size: 28-30 x 15-17 y 

Heterophyes heterophyes (Fig. 77, R). 

ii. Size: 26.5-28 x 15.5-17 y 

Metagonimus yokogawai (Fig. 77, S ). 


9 (3). 

10 ( 11 ) 


11 ( 10 ). 
12 (13). 


* From Faust’a Human Helminthology, pp. 5S6-590, 1939. 
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14 (2). Lacking an operculum ... 15 

15 (16, 17, 18). Fully embryonaled, containing a rhabditoid larva; egg 

medium-sized (50-60 x 2Q-30 y); narrowly ovoidal, relatively 

thick-shelled, flattened on one side. ... 

Enterobius termicularis (Fig. 77, C). 

16 (15, 17, 18). Fully embryonaled, containing a ciliated larva ; with a 

light yellowish-brown shell having a spine. 

i. Narrowly ovoidal, with a distinct terminal shell spine; size-’ 
112-170 x 40-70 y * Schistosoma hxmatobium (Fig. 77, X). 

ii. Narrowly ovoidal, with a distinct lateral shell spine; size.' 
114-175 x 45-68 u . Schistosoma mansoni (Fig. 77, Y). 

Hi. Broadly ovoidal, with an inconspicuous, small, hooked spine; 
size: 70-100 x 50-65 a Schistosoma japonicum (Fig. 77, Z). 

17 (15, 16, 18). Fully embryonaled, containing a non-ciliated embryo 

( onchosphere ) possessing 3 pairs of booklets. 
i. With a thick, brown, radially-channelled, outer shell; sub- 
spherical; size: 31 to 43 y in diameter. 

Tsenia saginata and Txnia solium (Fig. 77, J). 

ii. With a thin, hyaline, outer shell; polar thickenings with fila- 

ments on inner shell; spherical to subspherical; size: 30-47 y 
in diameter Hymenolepis i tana (Fig. 77, K). 

iii. With a moderately thin, light yellowish-brown, outer shell, 

polar thickenings without filaments on inner shell; subspherical, 
size: 60-79 x 72-86 y . . Hymenolepis diminuia (Fig. 77, L). 

iv. With thin, hyaline, outer shell; spherical; size: 25 to 49 y in 

diameter; several eggs typically enclosed in a mother embryonic 
membrane Dipylidium caninum (Fig. 77, 0). 

18 (15, 16, 17). Unembryonatcd or incompletely embryonaled. 

i. Shell narrowly barrel-shaped, dark brown, with a plug-like, 
semi-opaque, whitish swelling at each end ; size : 50^54 x 22-23 y 
Trichocephalus trichiurus (synonym : Trichuris trichiura) 

(Fig. 77, /). 

ii. Shell usually provided with an outer, maminillatcd, albuminoid 
cover, characteristically bile-stained; with thick, hyaline, outer 
shell; fertile eggs broadly ovoidal; size: 45-75 x 35-50 y \ infer- 
tile eggs irregularly elongatcd-ovoidal; size: SS-93.5 x 33.5—1 ( y 

Ascaris lumbricoidcs (Fig. 77, A, B) 

iii Shell thin, hyaline, clongated-ovoidal, with narrowly rounded 
ends; typically with morula-stage embryo; size: 73-S0 x 40-16 y 
Trichostrongylus colubnformis or T. probolurus; S4-90 x 40-50 y 
T. ritrinus; 75-91 x 39—17 y . . T. oricnlalis (tig. 77, II). 

it. Shell thin, hyaline, ovoidal, with bluntly rounded ends; size: 
ca. GO X 40 p . Ancylostoma duodena le or .1. brazil tense; 

6-1-70 x 30—50 y Xceator amcricanus (Fig. 77, I), E); 

50-5S x 30-34 p. . parasitic generation of Strongyluidtt sler- 
coralis (rarely found unhatchcd in feces). 

19(1,21). Larvj: ... -‘O 

20 (21, 22, 23). Moderately short, with muscular esophagus. 

i. Esopliagus having only a interior bulbar swelling; prv-ooplu- 
goal diarabcr very short. . . . .. 

Strongyloides stercoralis (riiabditoid larva) (Fig. 77, 6'). 
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ii. Esophagus having only a posterior bulbar swelling; p re-esopha- 
geal chamber long and narrow 

Ancylostoma or Nccalor (rhabditoid larva) (Fig. 77, F). 
Hi. Esophagus having both a median and a posterior bulbar swelling 
Most species of Rhabditis (Fig. 79). 

21 (20, 22, 23). With long, attenuate, caudal extension and with mus- 

cular esophagus. 

i. Esophagus having both a median and a posterior bulbar dis- 
tention 

Some species of Rhabditis. 

ii. Esophagus having only a slight posterior bulbar swelling; with 

distinctly striated cuticula and a pair of minute pockets on 
either side of the anus; size: 500-750 x 15-25 y 

Dracunculus medinensis 
(discharged by mother worm 
from cutaneous lesion into 
water). (Fig. 85, p. 676). 

22 (20, 21, 23). Elongate, narrow, with long, narrow, muscular 

esophagus. 

i. With minute forking at caudal extremity 

Strongyloides stercoralis 
(“filariform” larva). (Fig. 78, B). 

ii. With sharply pointed caudal extremity 

Ancylostoma or Necator 
("filariform” larva). (Fig. 78, A). 

23 (20, 21, 22). Elongate, narrow, characteristically coiled, with non- 

muscular esophagus Trichinella spiralis 

(rarely recovered in feces or blood). (Figs. SO, 81). 

24 (1, 19). Microfilarle 25 

25 (26). Provided with a sheath. 

i. Without nuclei in tip of tail; in circulating blood, in most 
endemic areas exhibiting strict nocturnal periodicity; size: 
244-296 x8 y. . - - .Microfilaria bancrofti (Fig. 83, A). 

u'. With two distinct nuclei at tip of tail; in circulating blood, 
exhibiting partial nocturnal periodicity; size: 177-230x3.4-3.8 y 
Microfilaria malayi (Fig. 83, B). 
in. With nuclei extending into tip of tail; in circulating blood, 
exhibiting partial diurnal periodicity; size: 250-300 x 6-8.5 y 
Microfilaria loa (Fig. S3, C). 

20 (25). Without a sheath. 

i. With nuclei extending into tip of tail; in circulating blood, 
exhibiting slight nocturnal periodicity; size: 160-200 x 4.5-6 y 

ii. 

iii. 

Microfilaria volvulus (Fig. 83, F). 



IMPORTANT IIELMIXTIIIC DISEASES OF MAX 

A SUMMARY OF IMPORTANT (OR COMMON) HELMINTHIC 
DISEASES OF MAN 


Peripheral blood Microfilm* 
Peripheral Wood Mterofilan* 


Common Bam* of 
clioiogje «£f nt 
\\ Lrpworm 


Giant Intestine 
Threadworm 


ScirntiQc name of 
etiologio agent 
Truhocr;,Ka!ut 
IrirAiurus 

(TVuAums IruMuta) 
A ntilotloma 
duodenal* 

A braJilimn 

(in the Trot if*) 
iVredVr o m «r ten n u « 

(Oryx's* rrrmico- 
lant) 


Cecum, appendix. colon, 
posterior segment of il* 
rum (attached) 

Middle third of email intern 
line (attached) 


or* Em. more 

commonly 
proglottid 

npheral Wood Microfilm* 


Dwell tapeworm Jf ymrnelrpi* m 


llccf tapeworm Tcmta tcginala 


Uancroft'a Dari* IF ucAama 

(abeathed ern- banerefli 
brjol, Malay, 
an filaria II". malaiii 

(ahe allied era. 

bryo) 

Loa worm, eje Loa loa 

Fennatent filaria t canlbocbeifoner 

portion* 

Vesical blood fluke Scbutoioma 
urinary * bilUaccia" kwmaloimim 


“Larva migrana" .IncyfotToma spp . 

especially 
A braitltertu 


costal erysipe- 
las. ‘ blinding" 

Dragon worm 
Guinea worm 
Medina worm 
Sparge mini 


kppendi* rectum and low- 
er bowel, perianal region 
(attached or free) 

J.umen of email intestine 
(free) 

Mucosa of amall Intestine, 
especially duodenum (em- 
bedded) 


Portal teasel 

Venules of mesenteric vea- 
vrascls draining small 
bowel; porta] vessel 
Duodenal or jejunal trail 
(usually attached) 

Distal bile passage* (at- 
tached to wall) 

Lumen r.f small mleatinc 
(attached by “head") 
Lumen of small intestine 
(attached by “head ’ ) 
Lumen of small intestine 
(attached by 1 head “) 


Subcutaneous tissues (mi- 
grating) 

Mesentenc. pleural, peri- 
cardial can ties 

Vesical and pelvic plexuses, 
portal avstera. pulmon- 

Lungs bronchioles and 
smaller air passsgeg(nitb- 
in adventitious capsules) 


Laris' encysted in muscle , 
adults in intestinal wall 
Tumors in subcutaneous 


Ujdatid ej st 
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PART VIII 
Entomology 

CHAPTER XXXVIII 
INSECTS OF MEDICAL IMPORTANCE 
By William B. Herms 

Accurate identification of species is fundamental to the application of 
successful measures employed in the control of insects of medical impor- 
tance. These measures must fit the particular offending species of insect, 
tick or mite. For purposes of identification a compound microscope is 
usually required, although a hand lens, preferably 10X, will suffice in 
many instances. In order to use identification keys, knowledge of the 
external morphology of insects and their allies is necessary. While more 
detailed keys will be required for technical purposes, the brief keys in this 
chapter are adequate for practical purposes. 

INSECTS 

General Characteristics.— The most striking characteristic of adult 
insects is the separation of the body into three divisions— the head, the 
thorax and the abdomen (Fig. 87). The head bears a pair of antennae, 
the mouth parts, and eyes when present. The thorax is divided into pro-, 
meso-, and metathorax, each of which bears ventrad a pair of legs (three 
pairs altogether). Normally the meso- and metathorax each bear dorsally 
a pair of wings. In the Diptera there is, however, only one pair of wings 
and these are on the dorsum of the mesothorax; the metathorax bears 
a pair of knobbed organs known as halteres (Fig. 87). In the Anoplura 
(sucking lice) and a few other orders, such as the Siphonaptera (fleas), the 
wings are absent. The abdomen of all insects is devoid of appendages 
except tlie terminalia. These, particularly in the males, are significant in 
the classification of mosquitoes ( Culicidse ). 

To determine the Order to which an insect belongs (as many as 30 Orders 
are recognized in the Insecta) one ordinarily uses only the character and 
structure of the wings, if present, and the type of mouth parts. When 
functional wings are present it will be observed that the veins, rib-like 
structures, divide the wings, which may be wholly membranous or more 
or less leathery, into areas called cells (Fig. 88, B). The mouth parts are 
either mandibulate, t. e., biting, as in cockroaches, or haustellate, *. e., 
sucking, often piercing, as in the bugs, certain flies, and mosquitoes. 

Insect Metamorphosis.— In order to attain the size and development of 
the parents, the young insect undergoes greater or less change in size, 
form and structure. This series of changes is termed metamorphosis. 
Increase in size is achieved by a scries of molts. The least . change is found 
in such forms as the so-called "silver fish moth” ( Lepisma saeckanna) 

( 097 ) 
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which is primitively wingless, the young individuals being externally 
unlike the parent only in size. A greater degree of metamorphosis occurs 
in the cockroach in which the young are wingless and gradually achieve 



Fia. 87 —Diagram of a female Anaphde* mosquito, dorsal view, showing certain structural 
characters useful in insect classification. (Modified after Essig in College Entomology, cour- 
tesy of Macmillan Company). 
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greater size and wingedness with each molt until maturity is reached. 
The greatest difference between the newly hatched young and the parents 
occurs in such forms as the housefly, flea (Fig. 90), and mosquito (Fig. 91). 
In these forms the newly hatched insect has no outward resemblance to 



Fia. 88 — A, Wing of Anopheles D, Diagram of wing of Anopheles mosquito showing 
\enation H-v, humeral cross \ em; C, costal \cin. Sc, subcostal (auxiliary) xein. 


Table 87.— Key to the Orders of Insects (Adult) of Medical 
Importance 

1. Wingless . 2 

Winged . . 4 

2. Mouth parts, niandibulatc. Body compressed dorso-v cntrally 

MaUophaga (biting lice of birds and mammals) 
Mouth parts, suctorial 3 

3. Mouth parts, minute and retracted. Body compressed dorso-ventrally. 

Anoplvra (sucking lice) 

Mouth parts, conspicuous. Body compressed laterally, with many 
spines, leathery body, legs adapted for jumping, hind pair of legs 
larger than others _ . Siphonaplcra (fleas) 

4. Body not compressed. Usually one pair of membranous wings, one 

pair of haltcrcs (small knobbed processes on meta thorax). 

Diplcra (flics) 


dibuiatc .... . . . ‘ . Colcoplcra (beetles) 

Forewings (wing covers) basal half leathery, distal half membranous, 
slightly overlapping at tip (bedbugs have vestigial wings), mouth 

parts suctorial - Hcmiptera (bugs) 

Forewings moderately leathery, apical jjortion slightly overlapping, 
mouth parts distinctly jnandibulate. ... 

Orthoplcra (cockroaches, crickets) 
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the adult. In order to attain the winged condition (fleas which are wingless 
must also undergo this profound change) an entirely different stage is 
interjected into the life cycle, namely, the pupa. The young are called 
Iarvjs (maggots in flies, wrigglers in mosquitoes). In those forms in which 
there is no pupal stage the young are commonly called nymphs. 

ANOPLURA— THE SUCKING LICE 

Anoplura.— The sucking lice. The blood-sucking lice of man are Pediculus 
humanus corporis, the body louse; P. kumanus capitis, the head louse; and 
Phthirus pubis, the crab louse. 



Fia. 69 — Lice, cone-nosed bugs (Trioloma and Rhodniu*), and bedbug (Cimer). 

The Genus Pediculus.— The body louse and head louse are indistinguish- 
able. They are 2 to 3.5 mm. in length, grayish to sooty in color, reddish 
when newly engorged with blood (Fig. S9, I and 2). The mouth parts 
situated at the tip of the narrowly rounded head are disting uisha ble by a 
protrusion bearing recurved teeth. The piercing structures (stylets) are 
retracted into a tiny pocket when at rest. The antennas are five-jointed. 
Prominent simple eyes are present. The legs are stout, the tarsi have a 
large curved claw, that of the anterior leg being particularly prominent 
and closing against a thumb-like process on the tibia. This enables the 
lice to hold fast to hairs. The eggs, or nits, are glued to the hairs of the 
head by the head louse, and those of the body louse are glued to the fibere 
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of clothing, especially along the seams. The eggs are oval whitish objects 
fitted with a cap (Fig. 89, 3 ). They measure about 0.9 mm in length and 
although visible to the naked eye, they are best defected with the aid of 
a hand lens. 

The Genus Phthirus,— The crab louse, which is smaller than the afore- 
mentioned species, has a broad short body with prominent clawed feet, 
which gives it the appearance of a minute crab (Fig. 89, 4). This louse 
may be found on all parts of the body having coarse hair, from the eye- 
brows to the ankles, but it occurs most frequently in the pubic region. 
The eggs are glued to hairs in the region infested. 

SIPHONAPTERA— THE FLEAS 

Tlie leathery bodies of fleas are greatly compressed laterally and fur- 
nished with numerous backward pointing bristles. In some species of fleas 
there are conspicuous rows of teeth (combs) known as ctenidia which are 
situated on the ventral margin of the head (genal ctemdium) and on the 
hind margin of the pronotum (pronotal ctenidium) The presence or absence 
of these ctenidia is of importance in identification (Fig. 90). The head is 
joined broadly to the small thorax. Eyes are present in some species, and 
absent in others; the antennae are short and club-like lying within grooves 
on the sides of the head. The piercing mouth parts are relatively con- 
spicuous and the mandibles are blade-like and serrate. The legs are long 
and powerful, particularly the hind pair. The coxae are enormously devel- 
oped. The abdomen possesses a characteristic “pin cushion” or saddle- 
like structure located dorsally near its tip, the pygidiwn. This structure, 
together w’ith an internal abdominal more or less comma-shaped sperma- 
theca (receptaculum seminid), visible with special treatment, in the female 
is used in detailed classification (see Fig. 90, lines 1, 4, 5 and 6). The size 
of fleas ranges from 1.5 to 4 mm. The males are as a rule smaller than the 
females. Although fleas show some degree of host preference they are not 
highly host specific. Both males and females are blood suckers. 

The glistening white, minute, oval eggs are deposited either on the host 
animal itself from which the dry eggs drop to the ground or are deposited 
on the ground, floor, bedding, in rodent nests, in crevices, etc. The Iarvaa 
(Fig. 90, line 2) are maggot-like, legless, sparsely haired, and very active. 
The head is 1 e 

segments) is v ' i 

(Fig. 90, line . . 0 - 

nize because of the covering of dust and lint. 

Puiex Irritans (Fig. 00). —P id ex irritans is known as the human flea, 
although it will freely attack swine, dogs, rats, and other animals. It is 
cosmopolitan in distribution. In this species both the oral and pronotal 
ctenidia are absent as in Xenopsylla cheopis (Fig. 90), the Asiatic rat flea, 
an important vector of plague. The latter may be roughly distinguished 
from the former in that the ocular bristle is in front of and just above the 
middle of the eye. Nosopsyllus ( = Ceralophylliu) fasejatus (Fig. 90) is the 
European rat flea, widespread over Europe and America. This species has 
only one set of ctenidia, the pronotal (the oral ctenidium is absent). It 
closely resembles the California ground squirrel flea Diamanus monlanus 
( s» Ccraiophyllus aentus), but the latter may be recognized by a spine at 
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the tip of the second joint of the hind tarsus longer than the third joint and 
reaching over on the fourth joint Ctenocephalides canis and Ctcnocephalides 



Fic 90 — Sho»mg stages in life ode of a flea, also structural details used in classification 
of Sipfionapter*. note partial larlj drawings of characteristic inserted comma-shaped sper* 
mathecae at left of species indicated (Henna’ Medical Entomology, courtesy of Macmillan 
Company ) 


fclis are the dog and cat flea, respecth ely. They resemble each other 
closely. In both specie3 both oral and pronotal ctenidia are conspicuously 
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Tuiiga Penetrans.— The jigger (Fig. 90), alio known a» chigoe or sand 
flea, is a minute flea only about 1 mm. in length with a conically shaped 
forehead, no ctenidia (combs), and has slender legs. The gravid female 
jigger buries itself in the skin of its host until the last abdominal segment t-> 
almost level with the surface. In this position the abdomen swells to the 
size of a small pea. Although man and pig are the favored host', they max 
attack cats and dogs and other animals. 

Taijle S8 —Key to Common PrtciLs or Fleas* 

(OllPUt SmiONAI’TEILX) 

1. The three thoracic tergites together always shorter than first aUlominal 

tcrcitc . 2 

The three thoracic tergitos together always longer than first aWominal 
fergife , 3 

2. .. ... itnd femur without 

■ ‘ . Tutifa ity.itrant 

. " . ■ c),uIiio]iIhiqi 1 QdUmanti 

3. • 1 ’ ■ bn sties 4 

* .’ w« of bristle,'! y 

\. •« . ■ 

lVonotal comb present s 

X Mesostcniilc \ery narrow with but one internal md-liko mcra.'-sation 
which extends from insertion of coxa forward to anterior bonier 

Pulrl irnlant 

Mc*oxtcmite with two intexnal rod-hhc m cravat ion •», one extending 
from insertion of coxa forward* and one extending upwards A'rnopr,i/o o 
0. Antepx gidial brittle of male on a marginal cone, m ft male, Ik.hI of >j*t- 
mathccn much broad* r than ba^e of tad, the dark coloring of tail 
almost confined to tinollui base AVnop»;/.'i l,r<tnlnnt\n 

Antcjijgidial bridle of male and female mi ir marginal. head of sjxnna- 
theca not, or but little, wider than tail, tad tbwk*ne»l tnalxiut one-half 7 
7. In male xcntral rune of strrmto I.\ with dorviHv and halt rally Iran*- 
jwircnt; in female biM? of tail of *|>mna theca at l<-k«l half as briud 
ogam as head # utini 

In nnlo xcntral cone of it. mite IX with dorval and xcntral turguia 
equally trarnpirent; in f<ma(e b.v-? of tail of pjxrmstWa not, <k > not 
much, broader than brad .Vrr*>/.«y.V.I rJ/.yia 

N Ilr*t grnal spine much short* r than second, Jaad about oar and ahalf 
times m long as high ns in 

First gmal rp.no alxml ax lor.g ax *cr*.nd or «.nl> rl ghtlx sh« rlcr. l.rad 
aU.ut twice M long ax h.gli (7/*-..** j bJn.Vs /r.'i* 

y On inner s.de of mid and Inn*! n>*a* lor g.dj thin bristle* from la*p U> 
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of each wing called alulx or calyptcres. The antennae vary considerably, 
ranging from the conspicuous thread-like antenna? of mosquitoes and their 
close relatives ( Nematocera ) to the inconspicuous antennas of houseflies 
and their allies (Brachyccra). The mouth parts are profoundly modified 
and ■ r ‘ ' ' . ’ ■ ' nosquitoes and 

stab * . ■ . e housefly and 

the i ' . ■ In all Diptera 

the metamorphosis is complete, i. e., there are the following stages in the 
life cycle: egg, larva, pupa, adult., 

MOSQUITOES 

Culicids.—^ldu/fe.— Mosquitoes are distinguished from all nematoceran 
Diptera: (1) by the presence of characteristic scales clothing the wing 
veins and wing margin (Fig. S8, A) and more or less abundant on the head 
and body; (2) the wing venation (Fig. 88, B). The antenna? are long and 
slender (plumose in the males), the mouth parts are elongate and formed 
for piercing and bloodsucking in the females, although not all female 
mosquitoes are bloodsuckers. The compound eyes are prominent. The 
abdomen of male mosquitoes terminates in complicated copulatory and 
accessory structures useful in classification (terminalia). The larval and 
pupal stages are always aquatic. 

The larcx (wrigglers) of Culicida? (Fig. 91) are distinguished from all other 
dipterous larvie by the possession of a complete head capsule and the presence 
of only one pair of functional spiracles (air openings) situated dorsally on the 
eighth (eighth and ninth fused) abdominal segment. In all but Anopheles 
mosquito larva? the spiracles emerge w-ithin a breathing siphon which is repre- 
sented only by a blunt protuberance in Anopheles (Fig. 91). The tenth or last 
segment of the abdomen terminates in anal gills and brushes. The larva? 
of Anopheles lie suspended parallel to the water surface by means of 
palmate hairs (Fig. 91) while Culex and Acdes species hang with head 
downward and the body at an angle with the water surface (Fig. 91). 

The pupx (tumblers) (Fig. 91) are comma-shaped and non-feeding but 
very active. The arched anterior portion comprises the head and thorax, 
the tail portion (abdomen) terminates in a pair of swimmerets. The 
breathing tubes (one pair, also called trumpets) are situated in the mid- 
thoracic region. In Anopheles the breathing trumpets are relatively short, 

es species the trumpets are 

„„ _ _ ylindrical or spindle-shaped; 

some are smooth, others are reticulated or furnished with floats. Culex 
and closely related genera lay their eggs in rafts (Fig. 91); Anopheles lay 
their ornamented eggs singly, often arranged in geometrical figures (Fig. 
91); Aedes and Psorophora lay their eggs singly (Fig. 91), frequently on 
the soil where there may be no water and remain (often over winter) until 
water is supplied by nature — rain, melting snow or tidal action as in the 
salt marsh mosquitoes. 

Genus Anopheles.— About 200 anopheline species are known for the 
whole world, of which 63 occur in the New World. Excluding Bironella, 
which is allied to Anopheles, the female palpi are nearly as long as the 
proboscis (Fig. 91). In the males the palpi are longer than the proboscis 
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and dark areas.. The posterior narrow segment of the thorax, the scutellum 
(Fig. 91), is raised and crescent-shape (rounded) in all Anophelini except 
Chagasia, in which the scutellum is trilobed as in Culcx and Aedes. 

IMPORTANT VECTORS OF MALARIA 1 

United States: 

A. maculipcnnis frccborni Aitken; A. quadrimaculatus Say. 

Mexico and Central America: 

A. albimanus Wiedemann; A. darlingi Hoot; A. pseudopundi pcnnis 
pseudopunctipennis Theobald; A. punctimacuh Dyar and Knab. 
Caribbean area: 

A. albimanus Wiedemann; A. aquasalis Curry (= tarsimaculatus in 
part); A. bcllator Dyar and Ivnab. 

South America: 

A. albimanus Wiedemann; A. albitarsis Lynch Arribalzaga; A. darlingi 
darlingi Root; .1. gambix Giles (exterminated?); A. pseudopundi- 
pennis pseudopunctipennis Theobald. 

Persian Gulf and Caucasian area: 

A. sackarovi Favr (= el ulus); A • stephensi Liston; A. superpictus 
Grassi. 

Afghanistan, Baluchistan, India, Ceylon: 

A. annularis van der Wulp ( =fuliginosus ); A. culicifacics Giles; A. 
flutialUis James; A. jeyporiensis James; A. minimus Theobald; 
A. philippinensis Ludlow; A. stephensi Liston; A. sundaicus Roden- 
ualdt; A. superpictus Grassi; A. r aruna Ijengar. 

Burma, Malaya, Indo-China, Thailand, South China, Formosa: 

A. aconitus Donitz; A. culicifacics Giles; A. hyreanus sinensis Wiede- 
mann; A. maculatus Theobald; A. jeyporiensis candidiensis Koid- 
zumi; A. minimus Theobald; A. sundaicus Rodenwaldt; A. um- 
brosus Theobald. 

Europe: 

A. labranchix atroparnis van Theil; A. labranchix labranchix FaJJerom; 
.1. messex Falleroni; A. sackarovi Favr ( =elutus ); A. superpictus 
Grassi. 

North Africa, Middle East: 

A. claviger Meigen (=bifurcatus) , A. labranchix labranchix Falleroni; 
A. multicolor Camboulin, A. pharamsis Theobald; -1. sackarovi 
Favr (=elutus); A. sergenti Theobald; A. superpictus Grassi. 

Central and South Africa: 

A. funestus Giles; A. gambix Giles, A. hancocki Edwards; A. kar- 
grearesi Evans; A. moucheti Evans; A. moucketi nigeriensis Evans; 
.1. mh Theobald; A. pharoensis Theobald; A. pretoriensis Theobald. 

1 For the identification of anophelwe mosquitoes consult “ The Anopheline Mosquitoes of 
the World— a Guide to Their Identification, Distribution, Habits, and Relation to Malaria," 
prepared for The Prei enti' e Medicine Division, Office of The Surgeon General, U. S Army, 
by Paul F Russell, Lieutenant Colonel. Medical Corp , A. U S , Llojd E. Roteboom, B-S-. 

Sc D . and Alan Stone, B.S , Ph D Published by The American Entomological Society at 
the Academy of Natural Sciences, Philadelphia, 1943. 
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Other Genera. — Psorophora ciliata is a large and vicious mosquito 
known as the American gallinipper. Theobald ia incidens is a common 
western American spotted-winged culicine mosquito. J lansonia annulifera 
is an important vector of Wuchercria malayi in India and Ceylon. This 
genus is particularly interesting, in that the eggs are deposited on the 
under-surface of leaves of aquatic plants and the larvae have a breathing 
tube terminating in a spine which enables them to pierce underwater 
vegetation and draw air from them, and hence do not come to the surface 
to breathe. Armigcrcs oblurbans has been incriminated as a vector of 
dengue in Formosa. Hamogogus capricomii has been found naturally 
infected with yellow fever virus (jungle yellow fever) in the forests of 
Brazil where it breeds in collections of water in treeholes high up in the 
treetops where it has been aptly said to “associate with the monkeys in 
the interlacing branches high above the jungle floor.” 

SANDFLIES, BITING MIDGES, BUFFALO GNATS, EYE GNATS 

The Sandflies.— Sandflies belong to the family Psychodidae, genus 
Phlebotomus. To this family also belong the non-biting mothflies ( Psychoda ) 
which often swarm in and about sewage disposal plants, cesspools, and 
even wash basins. The Psychoda larvae are commonly found in the filter 
beds of sewage disposal plants. Unlike these latter flies, though system- 



Fie 92 — Phlebotonu* terrucarum (sandfly). Eggs, larva, adult male. (From Marshall 
Hertig, Am Jour. Trop. Med,, courtesy o( Williams & WilVins Company.) 


atically related, are the Phlebotomus flies or sandflies (Fig. 92) which are 
bloodsucking. Like other members of the family, their bodies and wings 
are quite hairy. The antenna; are long and filamentous, consisting of 
12 to 16 segments. The wings when at rest are held erect over the body. 
These gnats are very tiny, usually from 3 to 5 mm. in length. Phlebotomus 
papatasii is the \ ector of a dengue-like disease known as pappataei fever. 
Phlebotomus termcarum is the \ ector of verruga peruviana. P. ch inerts is, 
P. permciosus and other species are vectors of visceral leishmaniasis (kala- 
azar), while P. papatasii and P. sergenti and other species are vectors of 
cutaneous leishmaniasis (Oriental sore). 

Biting Midges.— Members of the family Ceratopogonicke, belonging to 
the genera Culicoides, Ceratopogon and Leptoconops, are commonly called 
“punkies" or “no-sce-i . ■■ . . .. ■ (Fig. 93). 

They may conveniently , ■ . le males do 

not bite) in contrast to tf • . ^ ” belonging 
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Simiiltum dam nosum and S. ncari are vectors of Onchocerca tohulus la 
tropical Africa, and S. metallicum, S. ochraccum and S. callidum are vectors 
of tiie same worm in Guatemala and southern Mexico. 5. meridionals is 
known as the turkey gnat and is a serious pest of turkeys, domestic animals 
and man throughout the southern United States. 

Hippelates Flies. — Ej e gnats ( llipjxlatcs flics) belong to the Chloropidae, 
a family of tiny (2 min.) iion-bloodsucking tiles nhlch are attracted to 
perspiration, excretions, exudations of sores, and particularly lachrymal 
secretions of man and domestic animals. They are therefore dangerous 
mechanical \cctors of eye infections and infections of the skin, such as 
yaws. In the genus Ilippclates the hind tihiie bear a distinct cuned, shiny 
black apical or sttbapical spur. 

BLOODSUCKING FLIES 

Family Tabanidae.— This family of Diptera includes a large number of 
species of heavy bodied but swiftly filing bloodsuckers, commonly known 
as horseflies, gadflies, greenheads, breeze flies or deer flies. They are 
notorious as pests of horses, cattle and deer. They are strictly day biters, 
t. e., diurnal in feeding habits. Some of the larger species arc a good inch 
and a half in length while some of the smaller species are barely half an 
inch long. The compound eyes are large, the antenna; arc short and gener- 
ally porrect, consisting of three joints; the terminal segment is somewhat 
thorn-like. There is no arista. The mouth parts are short and blade-like. 
The males arc not bloodsuckers, but feed on plant juices. 

All tabanids breed in water or marshy situations where the eggs are 
deposited on leaves of aquatic vegetation or leaves of o\eriianging trees. 
The spindle-shaped larva; feed on earthworms and soft bodied aquatic 
animal life. To pupate, the larva; crawl out of the mud to drier situations. 
The entire life cycle commonly requires a jear, although a few tropical 
species may ha\ c two or more generations a j ear. 

Genus Tabanus.— Members of this genus are robust, with clear or 
smoky wings. Tabanus atratus is the black horsefly and measures better 
than 1§ inches in length. It occurs in many parts of the United States 
east of the Rocky Mountains. Tabanus siygius is the “black and white 
horsefly” which measures about 1 inch in length and occurs in the United 
States cast of tile Rocky Mountains, while Tabanus punctifer is the “black 
and white horsefly” of the Pacific Coast. Tabanus ricarius (T. cost alls) 
is the common “greenhead,” a serious stock pest of the south. Tabanus 
striatus 

other at . • ■ ' 

infectio 

of tabai 

Genuo CuijAvfo. ***vuv -• — — — mm °- . - 

spicuously banded with smoky areas. The antennse are similar to those 
of the previous genus but more conspicuous; the hind tibiae bear spurs 
at the apical end. C hr y sops dimidiate and C. silacea (mango flies) are 
vectors (intermediate hosts) of the human filarial worm, Loa loa, in tropical 
Africa. Chrysops discalis transmits tularemia mechanically in Utah and 
adjacent states. 
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Glossina \ yalpalis inhabits the tropical rain forest belt of Africa, chiefly 
the Congo and West Africa, where it feeds on the blood of mammals, 
crocodiles and large lizards. It is the chief vector of the causal organism of 
Gambian trypanosomiasis (sleeping sickness), Trypanosoma gambiense. 

Glossina morsitans inhabits the high savannah area of Ilhodesia, the 
Sudan and the Belgian Congo where it feeds on large game animals. It 
is typically a "game fly.” It is the principal vector of Trypanosoma rko- 
desiensc, causal organism of Rhodesian trypanosomiasis (Rhodesian sleep- 
ing sickness). 

Glossina swynnerioni is a strong vector of Rhodesian sleeping sickness 
as well as nagana of cattle and sheep. It is a fly of the driest and mot 
open areas where it is essentially a “game fly.” 

NON-BITING, MYIASIS-PRODUCING FLIES 

Family Muscidre.— ' The most important member of the family Muscidse 
is the common housefly, Musca domeslica, which* is cosmopolitan in its 
distribution. This fly occurs in various shades of black, gray aud yellowish, 
usually with four dark longitudinal stripes on the pronotum. It measures 
from 4 to 7.5 mm. in length. The compound e^es are prominent. This 
fly is prone to lay its eggs in horse manure, but will readily oviposit in 
almost any kind of dung and decomposing \egetable and animal matter. 
The larva} are typical maggots and when fully grown may measure from 
7 to 10 mm. in length, are pointed anteriorly and truncate and rounded 
posteriorly, pale yellow to whitish in color. The posterior spiracular areas 
are D-shaped (Fig. 90). Larvie may be ingested with food and may cause 
intestinal myiasis. 

Family Anthomyiidm.— Although this family includes many species of 
flies whose maggots infest growing vegetables, such as onions, beets and 
spinach, cabbage and other crucifers, it also includes the “lesser housefly,” 
Fannta canicular is, and the “latrine fly,” Fannia scalaris, whose spined 
larvse breed in dung and decayed animal and vegetable matter. Their 
larva; when swallowed may produce accidental intestinal myiasis. 

Family Calliphoridfe.— To this family belong the blow flies, bluebottle 
and greenbottle flies and related species. They range in size from 5 to 
17 mm., are sombre black, dull gray or brilliant metallic blue or green with 
gold, brass and coppery iridescence. They are typically museoid as are 
the larva;, which have nearly circular spiracular plates with three nearly 
longitudinal slits converging slightly inward (Fig. 90). The maggots develop 
in garbage, fresh or decaying animal matter or excreta and may be ingested 
with food, causing accidental intestinal myiasis. Some species may cause 
traumatic myiasis, or they may invade open body cavities, particularly 
the nose. . 

Calliphora erythrocepkala and C. vomiiorta are common bluebottle fhes 
of Europe and America; Lucilia cuprina and L. sencata are greenbottle 
flies; Cockliomyia americana is the screw worm, fly; Cochliomyia maccllaria 
closely resembles C. americana but is scavenger in habit; Phormia regina 
is the “black blowfly;” PoUenia rudis is known as the “cluster fly;” the 
larvK of Protocalliphora azurea occur in birds’ nests and suck blood from 
the nestlings; Auchmeromyia luteola is the “Congo floor maggot” and 
Cordyhbia anthropophaga is the “tumbu fly,” the larva; of both species 
attacking man in Africa. 
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Ho. OG.— Tho posterior rpirarular pattern of rcpresontatno fly lan a (right spiracular 
plate only ) . 1, CaUijAont xomitona; 2, Chri/tumuta banana; 3, Cochliomyta macdlaria; 

•j, Cordylobta anlhropoiJiaaa; 5. Avchmcromu\a lulrola ; 0, LucHia tcncala; 7, I'harmia regma; 
S, ,\[utea domttl tea; 9, tut ana i lobulam; 10. & tomozyi calcitrant; II, Sarcophaga fuscicauda; 
12, Wohlfahrtux tigd, 13, Dcrmalobia hominu; H, Gotteropfiilui tnlcsUnalit, 15, llupodcrma 
botit; 10, ( 'Extra* ont . (Partly original and partly adapted from \ nrioua source* ) (Craig 
and Faust, Clinical Parasitology, courtesy of Lea <fc Fobigor.) 
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Family Sarcophagi dm. — The members of this family are typical flesh 
flies or scavenger flies. They are medium sized to large flies, bristly and 
hairy, usually with dark longitudinal pronotal stripes; the eyes are red and 
large; the wings and squamas are large. They are larviparous. The larva; 
are typically muscoid; the posterior spiracles nearly circular in a deep 
depression, each with three nearly- parallel slit-like openings (Fig. 96). 
Sarcophaga carnaria is the gray blowfly of Europe, and Sarcophaga hxtnor- 
rhoidalis is common in North America; Wohlfahrlia magnified larviposits 
in wounds, causing traumatic and cutaneous myiasis and myiasis of the 
ears, nose and eyes. 

Family (Estridffi. — The bot and warble flies. This family- includes the 
sheep botfly CEstruj oris, which larviposits in the nostrils of sheep and 
goats. The spiny- lame of 0. otis are commonly found in the eyes of sheep 
herders. 

Family Cuterebrids.— -This is a family- of robust bot flies, of which 
Dcrmatobia hominis is an important member. The adult fly is about 15 mm. 
in length, with vestigial mouth parts, dull bluish-gray thorax, bluish-green 
abdomen and dull-brown wings. It is found in the tropics and subtropics 
of America. The female attaches her eggs to the abdomen of mosquitoes 
and other dipterous insects and even ticks, where they remain until the 
end of incubation and until an opportunity offers for the Ian a to transfer 
itself to the skin of a host such as pig, dog, monkey, man or other animal. 
The larval development then takes place entirely in the subcutaneous 
tissues, where a tumorous swelling is produced with a small opening 
through which the larva obtains air. The larva; are plump and ovoid, 
similar to ox warbles. When full grown the lame leave the tumorous 
swellings, drop to the earth where they pupate; the pupal stage lasts from 
three to six weeks. Members of the genus Cuterebra infest rabbits and 
rodents. 

Family Hypo dermatidse.— This family' includes the warble flies (heel 
flies) of cattle and deer. A form of creeping myiasis in man is caused by 
lame of these flies. Ilypoderma lineata is a cosmopolitan species, while 
Hypoderma bovis is less widely distributed. 

Family Gasterophilidm.— This family- includes the horse bot flies. The 
larva? infest the stomach and intestine of horses. The eggs (or lame in 
certain species) are deposited on the hairs of the belly-, legs and around 
the mouth and the lame are introduced into the mouth by- licking. The 


G. nasalis, and G. hxmoTrhoidalis—M horse bots. 

HEMIPTERA (BUGS) OF MEDICAL INTEREST 

Order Hemiptera (Heteroptera),— In the Ilemiptera the head is usually 
prognathous, generally free and often with a neck-like region. The com- 
pound eyes are large and prominent, a pair of ocelli is usually present; 
the antenna are usually well developed and 4 to 5- join ted; the mouth 
parts are modified for piercing; the wings (two pairs) are usually folded 
flat over the dorsum, with the apical portions overlapping the forewings 


II EMI FT ERA (BUGS) OF MEDICAL IWTEtiF. - Tlo 

(wing covers); the basal portions thickened or leathery ami the apical 
P°rtj on membranous. The hind wings are wholly membra m* is. In the 
bedbugs, a member of this order, the wings are absent except t<»- the merest 


rostrum three-segmented and resting in a ventral groove, true wings are 
absent and the wing covers are represented only by mere pads; the legs 
are short. Cimcx ledularius (Fig. 89, 7) is the common cosmopolitan bed- 
bug which attacks man. A second species, C. hemiptcrus, occurs in the 
tropics. Neither is of any practical importance as vectors of disease 
organisms. 

Family Reduviidte.— Members of this family are commonly known as 
conenoses, kissing bugs and assassin bugs. The head is narrow, longer than 
broad, pointed anteriorly with neck free; antenna; filiform, apical segments 
often very fine and frequently broken off, four or fhe-segmented, eyes well 
developed, near middle or at base of head; rostrum cur\ed, three-seg- 
mented with tip resting in a furrow between the coxie. The wings are 
typically hemipteran, and most of the species are good fliers. 

Genus Triatoma. —Members of this genus (Fig. 89, o) are found in 
nearly all the warmer parts of the world. Many of the species are partially 
predaceous, while others are practically entirely bloodsucking. Many feed 
on a wide variety of hosts but some species live only in the nests of wild 
rodents. The head is elongated in front of the eyes; the antenme are 
inserted about midway between the eyes and apex of head; the thorax is 
constricted anterior to middle, and the posterior angles are rounded, they 
are black or brown, with red or yellow markings. 

Triatoma megista.— The “barbeiro” of Brazil, Peru and other South 
American countries, measures from 2 5 to 3.3 cm. in length, is a black 
species marked with red. It lives mainly in the huts of natives, where it 
feeds on the inhabitants at night. Both sexes are bloodsucking. The 
females lay their eggs in small batches in crevices in the walls and dusty 
corners of houses. The newly hatched nymphs resemble the adults except 
for tlie absence of wings. There are fi\c molts before the adult stage is 
reached, the whole life cycle requiring about one 3 car. This species is a 
potent \cctor of Trypanosoma cruzi, cause of Chagas’ disease. 

Other species of Triatoma arc T. dimidiata, a \ector of Chagas’ disease 
in Panama; T. saiiguisuga, a widely distributed North American species, 
commonly gets its blood meal second-hand by feeding on bedbugs— it is 
sometimes called the "Mexican bedbug;” T. protracta and T. uhleri are 
black species of California and the southwestern United States and inhabit 
tlic nests of wood rats (Scotoma). 

Genus Bhodnius.— In this genus (Fig. SO, G) the antenna; arc inserted 
near the apex of the head and the second joint of the beak is more than 
twice as long as the others. Rhotlnius prolixus has habits similar to those 
of Triatoma megista and takes its place as \ector of Tryinnosoma cruzi in 
Venezuela and Colombia. It is reported that this hug ingests the liquid 
feces of other bugs, which makes it even a more potent factor in the spnad 
of the infection. 
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TICKS, MITES, SPIDERS AND SCORPIONS 
Class Arac hni da. —To this class belong the ticks, mites, spiders, scorpions, 
solpugids and whip scorpions. In the arachnids the body shows a strong 
fusion: the cephalothorax (comprising the head and thorax), and the 
abdomen (Fig. 97). In the ticks and mites there is a fusion of both the 
cephalothorax and abdomen to form a sac-like body. Arachnids are never 
winged, and the adults have four pairs of legs except that the larvae of 
ticks and mites have but three pairs, the fourth pair being acquired with 
the first molt. E\es when present are simple; the mouth parts consist of 
a pair of pincer-like chelicerx, and a pair of simple segmented pedipalps. 
In the A Carina there is a hypos tome The legs typically have six or seven 
segments which, beginning next to the body, are named as follows: (1) 
coxa; (2) trochanter; (3) femur; (4) tibia; (5) protarsus; and (6) tarsus. 
All forms of arachnids deposit eggs except the scorpions and some mites 
which are viviparous. Development from the young to adult is gradual, 
involving a series of molts. The respiratory system of ticks and mites is 
tracheal as in insects except that there is usually but one pair of spiracles; 
in spiders it consists of a combination of lung book and trachea:. There is 
frequently a strong sexual dimorphism; the males are commonly smaller 
than the females. 



Fig 97.— Showing external morphology of a rpxler. C. coxa: CA-, chebcera; eyes; 
r femur Op , opfcthosoma: patella; Pd^ pedipalp; Pr.. prttooma; PUzr., pretarsos; 

Sp..' Spinneret*: Tar., tarsus; Tb* tibia; Tr„ trochanter. (Henna' Medical Entomology. 
Courtesy of Macmillan Company.) 


Table £9.— KeV to Terrestrial Orders of Arachxida* 

O ■ \ 3 

" ' , 4 

, , ■ » . Scorpionida (scorpions) 

*. »,.L - _ Pedipalpida (whip scorpions) 

4. Palpfcheiate (pincer-hke) . Pseudoscorpionida (faLe scorpions) 

Palpi not chelate • , - . , • ....5 

5. Abdomen constricted ; 


0 Legs° very long and slender, body hairless, whole body fused together 
^ ’ Phalangida (harvest spiders) 

Le^s moderate; body usually hairy, appearing 3-segmented 

Solpugida (solpugids) 

7 Abdomen constricted at base and joined to cephalothorax by a narrow 
stalk . ..... Araneida (true spiders) 

Abdomen fused with cephalothorax .... Acarina (ticks and mites) 
* Adapted after various authors. 
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Arachnid Metamorphosis.— In the Arachnida (ticks, nines, spiders, 
scorpions) the adult form is attained after a simple metamorphosis, t. e., 
there is a series of molts and with each an increase in size follows. 

TICKS AND MITES 

Order Acarina.— This order comprises the ticks and the mites which 
range in size from microscopic mites to certain ticks which may be J inch 
in length. They show a strong fusion of the body parts, becoming strikingly 
sac-like and leathery, particularly in the ticks. 

The Ticks 

Super-family Ixodoidea.— In the ticks the mouth parts, together with 
the basis capituli, form a structure known as the capiiulum. The mouth 
parts consist of a pair of protrusible chehcerx and a structure known as 
the hypoatome which bears recurved denticles. A pair of simple eyes may 
he present; however, many species are eyeless. A pair of spiracles (breath- 
openings) are situated lateroventrally on the abdomen, one on each 
side near the third and fourth coxae. The females are capable of great 
distension, and when fully engorged are sced-like in form. 

The ticks are commonly divided into two groups, the hard bodied ticks 
(Ixodid®) and the soft bodied ticks (Argasidce). The hard bodied ticks 
(Fig. 98) have a hard shield ( scutum ) on the dorsum of the body immedi- 
ately posterior to the capitulum; in the male this dorsal shield ( scutum ) 
covers the dorsum of the body; the mouth parts are terminal. When 
biting these ticks usually remain attached to the host for several hours 
to several days. In the soft bodied ticks (Fig. 98) the scutum is absent 
and the mouth parts are anteroventral. When biting they usually remain 
attached for an hour or less. Both male and female ticks of both groups 
suck blood. The hard bodied ticks are either one, two, or three hosted, 
commonly the latter, in which three host animals, either the same individual 
or even different species, are required for complete development. Each 
feeding stage— seed tick (larva), nymph and adult, requires a separate 
host and after full engorgement drops to the ground and in the case of the 
seed tick and nymph there is a molt. When the adults drop to the ground 
(frequently in copulation) the females lay their eggs and shortly thereafter 
die, as do the males. Ticks of the genus Dermacentor are good examples of 
three-hosted ticks. Boophilus annulatus, the vector of Texas cattle fever, 
is a one-host tick, lienee completes the development of the feeding stages 
on the same bovine host. 

The soft bodied ticks arc many hosted, i. e., five or more hosts may be 
needed to complete the cycle. There is usually a molt after each feeding, and 
molts may occur after maturity is reached between egg layings and further 
feeding. 

Hard Bodied Ticks.— Dermacentor andenoni (Fig. 98) is the wood tick 
of the Rocky Mountain region of the United States and also parts of 
California, Oregon, Washington, and British Columbia. The adult ticks 
feed mostly on large animals such as horses, cattle, sheep, deer and coyote; 
the lame and nymphs prefer rodents such as ground squirrels, woodchucks 
and chipmunks. All three stages may feed on animals of intermediate size 
such as jack rabbits, badgers and marmots. This species is a typical three- 
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host tick. The normal life cycle is two years. It is the vector of RickelUsia 
rickeiisi, the causal agent of Rocky Mountain spotted fever in western 
North America. It is also a vector of tularemia, Colorado tick fever, and 
may cause tick paralysis. 


IXODIDAE TICKS ARGASIDAE 


Defmacentorandersonl Stiles I Omithodoros hermsiW 



Flo OS. — Show tag structural details tifced in classification of ticks Left, Ixodidse (hard 
bodied ticks), right. Argasid® (soft bodied ticks). (Iferms’ Medical Entomology, courtesy 
of Macmillan Company ) 


Dermacenior xariabilu, the common dog tick, is a \ ector of Rocky 
Mountain spotted fever in the eastern United States. It is a three-host 




TICKS AND MITES 


719 

tick and may complete its cycle in one season. The Jarvai stage is largely 
restricted to field mice. 

Hxinaphysalis leporis-pahistris is a vector of the rickettsise of Rocky 
Mountain spotted fever from rabbit to rabbit in nature, thus maintaining 
the endemicity of the infection. 

transmits the causal organisms 
It is a one-hosted tick. 

' Paulo fever (Rickettsia brasihense) 

to man in South America. 

Amblyomma americanum, the “lone star” tick, is a vector of Rocky 
Mountain spotted fever in Texas and Oklahoma. 

Soft Bodied Ticks .—Ornithodoros moubata of Central Africa is the only 
member of this genus residing strictly in human habitations and transmits 
the spirochete of relapsing fever from man to man. It also feeds on domestic 
animals. 

Ornithodoros rudis of Panama and South America is an important vector 
of relapsing fever, as is 0. tuncata in Texas, New Mexico, Oklahoma, 
Mexico and elsewhere. 

Ornithodoros hermsi (Fig. 98) inhabits the nests of chipmunks in various 
parts of California (also Nevada, Idaho, Oregon) at elevations of J 000 feet 
and above. It is naturally infected with the spirochete of relapsing fe\ cr, 
picking it up when sucking blood from its natural host and transferring 
it to man. The spirochete is transmitted congenitally from the adult 
female tick to her offspring. This tick is a small species hardly larger than 
a bedbug. 

Ornithodoros parkeri transmits the infection in Utah, Montana, Idaho, 
Oi . ; on burrowing rodents. 

. ick.” It invades the ears 

of cattle, horses, mules and various other animals, also man. It is widely 
distributed in subtropical parts of the United States, Mexico, Central and 
South America, South Africa and India. 

The Mites 

With the exception of certain free living sjiccics, mites arc minute, man} 
of them barely visible to the naked cje. Like the ticks, the parts of the 
body arc fused, giving a sac-hkc or even worm-like appearance to the 
body. The mouth parts, which are quite varied, follow the general pattern 
of ticks. They bear four pairs of legs exiept in the larval stage, when there 
are hut three pairs. Nearly all species deposit eggs; however, there are 
sonic ovoviv iparous forms. 

Genus Sarcoptes.— Minute burrowing inito, oval in form, with stubby 
legs terminating in pedicul.itc suckers at the tip of the first two pairs. 
The female mite burrows into the skin and lavs her eggs, numbering front 
10 to -•"» as in tortuous galleries, eventually riving in the blind cud of 
the channel. The eggs hatch in three or four da vs and the larva: repeat 
the burrowing in a tangential direction, reaching maturity in another 
seven to ten days. Intense itching usually begins aliout ten davs after 
infection. The**c mi to are commonly called iuh mites. 'Hie . v j>ccirs 
infecting nun is known as Saro>j4cj scubici var. hominu (Fig. till), 
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and produces the condition known as scabies. Transmission of these' 
mites from person to person normally takes place by actual contact 
The point of invasion is where the skin is thin, as between the fingers, 



Fio 00 — Milo causing tcabie* or itch, Sarcoptc* tcobtei. (Heims’ Medical Entomology, 
courtesy of Macmillan Company,) 

on the penis, or in the bend of the knee or elbow. The diagnosis of 
scabies may be pro\ ed by demonstrating the mites or their eggs in skin 
scrapings taken at the site of a lesion and cleared in 10 per cent potassium 
hydroxide. 



Fm. JOO.— The tropical rat rode . Liponystut bacoli. Dorsal view, left; \entral Mew, right. 

(After Stew art ) 

Genus Liponyssus.— The tropical rat mite, Liponyssus bacoli (Fig. 100), 
occurs throughout the southern and Pacific coast region of the United 
States. It is frequently troublesome to man in rat-infested buildings, espe- 
cially when deprived of its rat host. The mites suck blood and drop off 
the host after each meal. The bites produce an unusually severe dermatitis. 
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Experimental evidence indicates that this mite can be a vector of endemic 
(murine) typhus from rat to rat. 
r 


Trombicula akamushi transmits (in the larval stage) a typhus-like disease 
of Japan known as Japanese river fever, also called Japanese flood fever, 
or Tsutsugamushi fever caused by Rickettsia orientalis. In Sumatra and 
Malaya a 

deliensis. . ' . ■ „ ' ! 

is believed . 



FlO 101.— The chigger (mito). Eutrombieula al/rcJdugut. Adult mile, left; larva, right 
(From Ewing'a Manual of External Parasites, courtesy of Charles C Thomas. Publishers) 

SPIDERS, SCORPIONS AND CENTIPEDES 

Spiders.— Spiders (Fig. 97) belong to the Order Araneida.in which the 
ccphalothorax (prosoma) is uniform and joined to the abdomen (opistho- 
soma) by a pedicle. Tlie prosoma bears four pairs of legs. The cheliccne 
arc prominent and arc connected with poison glands. The pcdipalps are 
six-segmented and leg-like. The abdomen bears not more tlmn four, 
usually three, pairs of spinnerets. The \cry large hairy spiders of the arid 
southwest commonly, though erroneously, known as tarantulas (Family 
Aviculariidie), arc fearsome in appearance but are not considered dangerous, 
although the bite of the much smaller black w idow spider is dangerous. 

Latrodcctus mactuns (Family Thcridnhe) is the black widow, shoe- 
button, or 1 
distinct bri< 

from 1 inch ~ ... — _ , , 

markings. It is widely distributed in both North and South America, 
particularly the subtropical and tropical portions. It is not uncommonly 
found in wood piles, vacated rodent burrows, outbuildings, bams, priiics, 
under low bridges, in cuh erts, etc. ...... 

O tlier dangerous spiders are Latrmiectus curacartcnsu (txmtii Amenta 
and West Indies), L. gcomtrkus (West Indies), L. hastdti (Australia), 
to 
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L. guttatu3 (Europe), L. lugubns (Russia), L. menatodi and Glyplocranium 
ga&iera of South America. 

SCORPIONS 

Scorpions are easily recognized by the presence of a long fleshy five- 
segmented tail-like postabdomen terminating in a bulbous sac and promi- 
nent sting. The pedipalps are greatly enlarged to form powerful lobster- 
like jaws. There are four pairs of terminally clawed legs throughout life. 
The females arc viviparous. Scorpions are found commonly in tropical 
and subtropical countries. They are nocturnal, remaining hidden during 
tile day beneath loose stones, loose bark of fallen trees, boards, piles of 
lumber under floors of outbuildings and debris. Ccntruroides suffusus is 
the so-called Durango scorpion of Mexico. Ruth us quingucstriatus is 3 
dangerous Egyptian scorpion. 

CENTIPEDES 

Centipedes are provided with poison glands at the base of the first of 
the two pairs of mandibular legs where are situated fang-like claws. The 
large forms of centipedes may reach 10 inches in length. They bear one 
pair of appendages on each segment, the terminal pair being sharp and 
dragging. Their bites may be painful but are not dangerous. Among the 
more formidable looking species are Scolopcndra heros of the southern 
United States, and S. tiridis of Mexico. 

PRESERVATION AND SHIPMENT OF SPECIMENS 

Specimens for museum purposes or storage must be protected from 
fungus attack and attack by dermestid beetle larvte and other insects. 
Various chemicals, such as naphthalene flakes and paradichlorobenzene, 
are useful to repel attack if put into small bags and pinned solidly in a comer 
of insect boxes or scattered among papers containing insects. Storage 
should be in damp-proof containers or compartments. 

In shipping specimens of insects for identification they must be so 
packed that the appendages are not damaged. In shipping mosquitoes do 
not use cotton to protect the individual insects; use ccllu-cotton, cotton 
wadding, cotton linters or lens paper. Pack lightly in a pill box. A disc 
of lens paper, size of the box, may be laid in the bottom. A few mosquitoes 
may be placed lightly on this, with another disc laid on top and thus pos- 
sibly two or three layers; then fill in space with crumpled lens paper. Large 
flies may be pinned with insect pins (through the thorax) and the pin 
firmly stuck into a slab or cork fitted to a box, the size depending upon 
the number of insects to be shipped. For mailing, the boxes should be 
carefully packed ~ suitable mailing cases are convenient. 

Small insects, such as fleas, gnats, midges, ticks, mites, mosquito larva* 
and the like, should be placed in a vial of 70 per cent alcohol with 5 per 
cent glycerol and I per cent formaldehyde. The vial for shipment should 
be almost filled, about e-sixths full of solution and placed, well sur- 
rounded in cotton, in a mailing tube. This amount of solution prevents 
breaking of the specimens. If alcohol is not available 4 per cent formalde- 
hyde may be used, with or without glycerol. 
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AIL specimens should bear a label with such necessary data as locality, 
host, date, collector's name, local environment and any other pertinent 
information. 
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PART IX 
Pathology 


CHAPTER XXXIX 
THE AUTOPSY 
By James E. Ash 

The primary purpose of an autopsy is to determine the cause of death 
more definitely than is possible by clinical methods, but its function does 
not cease there. Every dead body, no matter how obv ions the cause of 
death may be, contains somethin# of interest or wine to the *>tudy of 
pathology. Considerable responsibility, therefore, rests on those in a 
position to obtain and perform autopsies to see that these opportunities 
are not lost. The record of the case is not complete unless it me hides ev < r\ 
noteworthy feature, both clinical and pathologic, no matter how imle\ mt 
to tlie cause of death it may seem at the time If the proses tor will bear 
in mind that bis is the final opjx>rtunity to gather the data from the case*, 
and that his record is all that those coming after him will have for an} 
study they may want to make, he is less liable to lose sight of his great 
resjMmsibility. 

The autopsy has additional significance in the Army from the adminis- 
trative standpoint. It is not sufficient merely to determine the cause of 
death but it is also necessary to elicit every bit of evidence that would fix 
the responsibility for the death. It is only thus that the interests of the 
government can be protected on the one handand that justice l>c June to 
the patient on the other. It is not sufficient, therefore* simply to deter- 
mine the cause of death. Every autopsy should be a complete one, even 
where the cause of death is as obvious as in an airplane crash. Many 
im|>ortant data have been lost because of Mipcrficially conducted autopsies. 

I, Records.— The protocol should be as complete as |«ivsihlr, mi that 
one reading it subsequently tan reconstruct Uic picture as it was, and 
nuke his own interpretation. Descriptions then fore, should be objective 
rather than by diagnoses. Thoc fatter and interpretations should lie 
state*] under comments, Sufficient copies of die prx>t«ct>I should l»e pre- 
wired to meet tiic requirements of the local ho*pit*J ami those of the 
iustojuthologic centers and of the Army Medical Museum. 

Table W is a satisfactory outline for a proUxtJ. The first luge showld 
give all statistical data, the clinical dugnow-t, the cau-ar of death as de- 
termined after autopsy ami the palhohgic diagm/'cs. This »» of great 
avd* lance In reviewing a numfar «-f raw. An alntrut of tf^> clinical 
history um*t l*c attaihrd. 
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Tabix 00.— Outline fou Anwar Protocol 
Ho&rmt 

Name: A din. No.: Autopsy No. 

Rank: Org.: Ad5. No.: 

Age: Sex; Race. Length of Service: 

Date of Admission: 

Date and Hour of Death: 

Date and Hour of Autopsy: 

Clinical Diagnoses: 

Groa$ and Microscopic Diagnoses: 


- (etc.) 

(The above should be on the first page of the protocol) 


External Examination: 

Primary Incision: 

Lungs: 

Heart: Aorta: Splanchnic Vessels: 

Splocn: 

Liter: 

Pancreas: 

Adrenals: 

Castro-intestinal Tract: 


Or Uterus and Adnexa 


Kidneys. 

Bladder 

Prostate and Vesicles: 

Testes and Epididymes: 

SkuU: 

Pituitary. Brain: 

Eye: Ear: 

Thyroid 1 Parathyroids: 

Bone Marrow: Muscles. 

Smears: Cultures- 

Chemical Examinations; 

Microscopic Evamination: 

Comments particularly on Pathogenesis: 
Witnesses-. ... 


(Signature) 

Name (typed) and Rank 
Prosector 



EMBALMING 


II. Materials.— The following materials are require*! t- (x-rform .. 
satisfactory autopsy; 

1 heavy proscctmg knife 
1 amputating knife 
1 scalpel 
1 pr. rib shears 
1 cntcrotomc 
1 pr. 6-inch scis&ors 
1 pr. fine-pointed scissors 
(1 probe point preferred) 

1 saw (postmortem or hack saw) 

1 chisel, 4 or 5 inches long 
1 mallet, wooden 

1 steel hammer with hooked handle 
1 rachiotomc or 1 pr. Brunetti's chisels 
for opening spine 
1 pr. dissecting forceps, 3 inches 
4 chemically clean jars for specimens for 
chemical analysis 

This list may he amplified indefinitely hut with the items given one will 
be able to meet almost any contingency that may arise. 

III. Technic.— Either the evisceration or the organ by organ method 
may be used, depending on the training and experience of the projector. 
The details of both methods arc available in standard texts on autopsies 
and nccd ( not be repeated here. The so-called “V” incision is preferable 
when tho'neck and mouth structures are to be examined but it adds to the 
difficulty of sealing the body and for ordinary purjxi'es the straight incision 
from suprasternal notch to symphisis is preferable. 

IV. Postmortem Bacteriology.— Cultures should be made from heart*- 
blood, spleen, liver, and such other organs or lesions as indicate bacterial 
infection. Specimens arc obtained from the jurenchj m.i bv scaring the 
surface with a heated spatula and plunging through this area a sterile 
capillary pipet or a sterile syringe needle. 

V. Restoration of Body. — Great cam must lx? eurcksl to prextnt dis- 
figurement of die hotly and interference with proper emh.ihning. It must 
be remembered tliat practically all bo* lies of military ptrxmntl luxe to In? 
shipixn] gre.it distances and tli.it thorough embalming and prefuration of 
the Ixxly are of much more imjxirtance than in tix ilian practice. 

It is usually the rojxui -ability of the I-dxiratorv O.'liixr to make the final 
inspection of Ixxlies. This is a great rt 'jxwi'ibility and inqxxlioii must !< 
thorough to insure tliat the pn juration of the Ixxly will assure its arrival 
ut its destination in a wholly Mti*faet«>ry eoulition ami that the tmui of 
the contract as to clothing, casket and shipping case are fulfilled. 

VI. Embalming. —The tiiihaliuing of the hi ad i* naddy dtuo* bv the 
unilcrtakir when the chest is ojx-n. but in his ah <i»vc may l>c done very 
easily by anxonc else. If fluxing is imrsurj’ it must lx? d*-r.c l*f« re the 
face is embalmed. The undertaker's pres are l-»ttlc with <vrr-J t..l«o 
armed with long metal cannuLr, width are tin! into the carotids an 1 m!»» 
thixixu arteries, is most o<r»Xusi«-j,t. iVrw.re is obtained with a 

If this is hot available an alpha enema fringe ».!l s-’llte "H-c !.. rric 
is tied into the upJ»T tl.i r-uic aorta. Of t». ,r «*, tJ r < ;<m s:. 1 • / t hr rta 
a» Well a* any Irak if g arteries (internal :..i:...:uri'*> **t f*c *d *.th 

elifnps or tied. 


1 pr. tissue forceps, to.pj* 

2 probes; 1 fine, 1 coarse 
4 prs. heavy hemostats 

1 steel rule 

2 needles, double curved, No. I 
Waxed string 

Scales and weights (metne preferred, 
weighing at least up to 2U00 gin.) 

2 large tixingcs 
Cutting board 
Waterproof apron 
Rubber gloves 
2 large basins or buckets 
Bunsen burner or alcohol lamp 
Capillary pljact.-, sterile 
1 fringe and noodle, sterile 
1 heavy qiatula for scaring ti— uta 
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Undertaker’s embalming fluid or a 10 per cent solution of formalin 
in water, to which a few drops of eosin solution are added to give it the 
faintest possible tinge of pink, may be used. As the fluid is pumped into 
the arteries and begins to drive blood before it out of the veins, the face 
and ears must be massaged and moulded with a gauze sponge into a natural 
pose, with eyelids and lips closed. The hands should also be massaged 
until white. When the tissue becomes blanched and firm the process is 
complete. The same process is applied to the legs, the fluid being injected 
through the femoral arteries. Some formalin should be allowed to stand 
for a time in the body cavity. It is well to soak the organs in a 10 per cent 
formalin solution for several hours before replacing them in the body, 
making incisions in the solid organs and numerous punctures in the gastro- 
intestinal tract if they have not been opened. Undertaker’s hardening 
compound, oakum or cotton should be spread over the organs after they 
have been replaced. 

VII. Autopsies on Embalmed Bodies.— Under some circumstances, as 
in the tropics, or when a body is to be shipped some distance in a warm 
climate, embalming may best be done first and the body then autopsied. 
Any specimens such as those required for blood cultures, blood chemistry, 
urinalysis, feces cultures, body fluids, etc., can be obtained before embalm- 
ing. Cerebral hemorrhage may be seen extremely well in an embalmed 
body. If the neck organs are to be removed embalming is best performed 
first. A delay of several hours between embalming and autopsy, or over- 
night, is perhaps advisable. By this system autopsies may at times be 
obtained which would be lost otherwise. The properly performed autopsy 
does not interfere with satisfactory embalming. In fact more thorough 
embalming can be accomplished after evisceration than by the usual prac- 
tice of a single-vessel injection and trocharing of the chest and abdomen. 

Normal Weights and Measurements 

The size 3nd weight of each of the organs varies according to age, stature, 
and body weight, but the following figures represent an average normal 
for adult men between twenty and forty years of age. 


Brain 

Sagittal diameter . . 16 to 17 cm. 

Vertical diameter 12 to 13 cm. 

Weight 1400 gm. 

Spinal Cord 

Length • 45 cm. 

Weight 27 to 28 gm. 

Frontal diameters: 

Cervical . . 13 to 14 mm. 

Thoracic 10 mm. 

Lumbar 12 mm. 

Sagittal diameters: 

Cervical 9 mm. 

Thoracic 8 mm. 

Lumbar . 9 mm. 

Pituitary 

Weight 010 mg. 



SORMAI. WEIGHTS A, VI) MEASUREMES f ' 


Weight 

Heart 

• . o'Dgi J 



. . 1 to 2 u in. 



. . StolOnu 

2 to 3 mm. 



. 10 cm 

7 5 cm. 

S 5 cm. 
12 cm. 

Circumference 

Pulmonary Artery 

S cm. 


Aorta 

7 5 cm. 

. 4 5 to G . 0 cm. 

3.5 to 4.5 cm. 


Thyroid 

(The size and weight of tho thyroid dcj>cnds uj*on geographical location, 
but tho norma! thyroid should not exceed -10 gin. in weight.) 


Measurements 1.5-2 5 x 3-1 x 5-7 un. 


Weight of right lung 3U> to 570 pn. 

Weight of left lung 32$ to ISO gin. 

I.inr 

Weight 1500 to 1 b*X) gin. 

Measurements 25-30 x 10-21 x 0-9 an. 

.S'/3c cn 

Weight 150 to 200 gin. 

Measurements 3-4 x S-9 x 12-14 un. 

Pancriai 

Weight to I pn. 

Measurements 3.3 x 4.5 x 23 on. 

Kidnr-jt 

Weight of each l^*)pn. 

Measurements 3*4 x 5-0 x 11-12 ca. 

.‘wmr.-J VtiUItt 

MtAsumiunl* 09x1.0-1^x4 1-1 5c.i 

7Y*.‘i« u-J lid, r u 

Wc.gl.t U-gtU.rr 20 tu '27 p. i. 

Mrxfurrmrnki of U-tw . . . 2-2 7 x 2 5 1 5 x 4-5 cm. 

i'tvtLAt 

Weight ..... ....... 15 pa. 

Mc*4un.vr.U . . . . . 27x30x1 9 cts 

.1 Jt 

We *!.t ./ . 

Mo>.ifti.i«r.U . . . . UJi.’i i Jtt ii i 
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THE AUTOPSY 


Thymus 


Weight— 21 to 25 years of age 25 gm. 

Wejght— 26 to 35 years of age . 20 gm. 

Weight— 36 to 45 years of age 16 gm. 


Gastro-in&slinal Trad 


25 cm. 

. . . 25 to 30 cm. 

u .... . . . 30 cm. 

Length of small intestine . . . 550 to 6G0 cm. 

Length of large intestine . . . . . . 150 to 170 cm. 


Table 91. — Length and Weight of Fetus 


Timlin 


3 

4 

5 

6 

7 

8 
9 

io 


Weight in 
4 

5 to 20 

434 

1218 

>549 

>971 

2334 


Length in 
centimeters 
a S to 3 
7 oto 9 
io o to 17 
18 O to 27 
28 o to 34 
3S a to 38 
39 o to 41 
42 o to 44 
4S oto 47 


Age of fetus in months can be determined after the fifth month by 
dividing the length in centimeters by 5. 


CHAPTER XL 
MUSEUM SPECIMENS 
By James E. Ash 

I. Formulas for Preservative Solutions. 

Kaiserling Solution No. I 


Formalin .... 400 cc. 

Water 2000 cc. 

Potassium nitrate . . 30 gm. 

Potassium acetate . . . 60 gm. 

Kaiserling Solution No. II 

Alcohol SO per cent 

Kaiserling Solution No. Ill 

Potassium acetate . 200 gm. 

Glycerol . 400 cc. 

Sodium arsenate 100 gm. 

Water 2000 cc. 


Note.— I f sodium arsenate is not available sonic crystals of thymol, 
menthol or sodium salicylate may be used instead. 

II. Preservation.— To preserve color in gross specimens, they should be 
quickly washed in water to remove excess blood and placed in Kaiscrling’s 
Solution No. I. It is necessary' to arrange the specimens in this solution 
as it is intended for them to appear when finally mounted, as they will 
become fixed as placed in the solution and it is difficult to alter them after 
tliis fixation. The lenffth of time in the No. I solution varies from one to 


. ■ — . . — , — — . — , — a—-* — - • ' ' * ■ * ft - 

The specimen should be supported by cotton or suspended by strings so 
that it will not be in contact with the container. Avoid direct light during 
all steps. 

After fixation, the specimen is rinsed in water, and placed in SO per cent 
alcohol (Kaiscrling's Solution No. II). When the maximum color has 
returned, which it will do in a few minutes or an hour or so, the specimen 
is to he removed from the alcohol, thoroughly washed and then preserved 
in Kaiscrling’s No. III. It is necessary to watch the development of the 
color, for after it has reached a certain point it will begin to fade and it is 


eolor in formalin*fixcd tissue, but it i3 not satisfactory. 

III. Preparation.— The preparation of museum specimens must be left 
largely to the ingenuity of the operator and only a few general principles 
can be given. The surface to be displayed should represent as large a 

(731) 
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section us jiossibh: of tltc whole organ ami Loth the exterior and interior 
of the organ should he shown. In the case of solid organs such as the 
liver, a thick slice (5 cm.) should be preserved, as it is impossible to fix a 
whole liver properly. The thickness of the slab should allow' for the 
removal of a thin lajer at a later date to freshen the surface. This is 
particularly true of the lung, in which case one-half or even the whole 
organ may he preserved. No tiling solid should be allowed to touch the 
surface of the fresh tissue until it is fixed and hardened. 

It is injurious to pack cotton into a cavity, since after fixation the lining 
of the cavity will appear merely as a mould of the cotton. If a hollow 
organ must he held oj>cn it is best to distend it with fixing fluid for a day 
or two before cutting into it. If tin's is no longer possible, and it must he 
propped open with cotton, this should at least he inserted very loosely. 

The heart after being oj>en«l should be stretched on a glass frame in 
such a way as to display to advantage the chief lesion, or it may he put 
together and held in its original form during fixation by a few temporary 
stitches. 

,rM • ’ tine can be filled with Karserling 

at the ends until hardened, after 

... . . V.-M.VUO nnihUUUtlUII) 1 . Otherwise, they may, of course, 

be opened, pinned on a board with thumb tacks, so that the mucosa is 
exposed, and floated face down oil the surface of the fixing fluid. 

In the ease of the kidney, one-half of the organ cleanly cut, forms a 
satisfactory specimen. 

'Hie brain and cord arc preserved intact in formalin. 

The most satisfactory museum specimen is one which has been intel- 
ligently dissected ami then fixed. Tor pure display a rather thick slab of 
an organ, if cut in the right plane may he better than a whole organ. 
Numerous incisions in conflicting directions defeat this object, and for 
that reason it is suggested that at least until a slice or one-half of the 
organ has been reserved as a possible museum specimen the incisions 
he bold and slashing to produce smooth parallel surfaces. 



CHAPTER XU 

MICROSCOPIC STUDY OF TISSUES 
By James E. Ash 

I. Formula. 


Camoy’s Acetic Alcohol Fuat he 


Glacial acetic acid .... . . 10 cc. 

Absolute alcohol 00 cc. 

Chloroform . . ... . . 30 cc. 


Must be freshly prepared, 
in it more than three hours. 


Fixes rapi 


idly and tissues should not remain 


Mayer's Albumin 


White of egg .... . . . 50 cc. 

Glycerol 50 cc. 

Sodium salicylate 1 gm. 


Shake well together and filter into clean bottle. 

Acid- Alcohol 

One per cent of hydrochloric acid in 70 per cent ethyl alcohol. 

Kinyoun’s Carlol-Fuchin 

Basic fuchsin (rosaniline hydrochloride) . . -1 gm. 

Phenol crystals 8 gm. 

Alcohol. 95 per cent 20 cc. 

Water 100 cc. 


Decalcifying Fluid 

Ten per cent nitric acid in 10 per cent formol-saline, or the following 
mixture: 


Formic acid 50 cc. 

Formalin, 10 per cent 50 cc. 


Eos in 


Eosin Y (di-eodium tctrabromfiuorcsccin) . 0 5 gm. 

Alcohol 25.0 cc. 

Distilled water 75.0 cc. 


This solution will keep indefinitely. 

Van Cicson's Mixture 

Saturated aqueous picric acid . . .19 jiarts 

1 per cent aqueous add fucli'in (di-aodium 
salt of sulfonated ro'-amline) .... 1 pari 


( 733 ) 
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Harris’ Hematoxylin 


Hematoxylin 1 gj n . 

Alcohol 10 cc. 

(Dissolve dye in alcohol) 

Alum (ammonium or potassium) .... IX) pm. 
Distilled water 200 cc. 


The alum is dissolved in water with the aid of heat, and then the alcoholic 
solution of the dye is added. The mixture is brought to a boil rapidly and 
then 0.5 gm. of mercuric oxide (red oxide) added. The solution at once 
assumes a dark purple color and as soon as this occurs the solution is 
cooled by plunging the flask into cold water. For use, -1 per cent glacial 
acetic acid is added to the mixture, ns this increases the precision of nuclear 
staining. 

Mallory's Phosphotunystic Acid Hematoxylin 


Water . 100.0 cc. 

Hematoxylin . 0.1 gm. 

Phospholungstic acid cry stals ... 20 gm. 


Dissolve the hematoxylin in part of the water with the aid of heat and 
after it cools add it to the acid dissolved in the rest of the water. Hipen 
by the addition of 10 cc. of a freshly prepared 0.25 per cent aqueous solution 
of potassium permanganate. 

U’eigert's Iron Hematoxylin 


30 per cent aqueous ferric chloride . I 00 cc. 

Strong h> drochloric add 0 . 25 ec. 

Distilled water to make . ... 25 00 cc. 

1 per cent alcoholic solution hematoxylin . 50 00 cc. 


This mixture will keep satisfactorily for a w cck or ten days in a Coplin Jar. 
Oil Red 0 ( Sudan III or Sudan 7F) Fat Stain 


Oil red O . . . .... I gm. 

Acetone . 50 cc. 

70 per cent alcohol . . 50 cc. 

Zenker’s Fluid 

Potassium bichromato . . ... 2 gm. 

Bichloride of mercury 5 gm. 

Water .... 100 cc. 


Just before use add 5 cc. glacial acetic acid to 95 cc. of the above for 
acetic-Zenker. If formol-Zenkcr is desired, use 10 cc. of formalin with 
90 cc. of the above solution, the formalin taking the place of the acetic acid. 

Carbol-xylcne 

Phenol . . 1 part 

Xylene . ... 3 parts 

II. Frozen Section Method.— It is possible with this method to prepare a 
slide for examination in a few minutes so that it is particularly applicable 
to “operating-room diagnosis ” It is also the method of choice when it is 
desired to stain for fat. 



ROUTINE PARAFFIN METHOD 


1. Materials. 

Automatic] freeziog microtome, and sharp knife. 
a ^ i, C a ,na connections; the tank to be mounted imerted or on its side, 
A shallow dish filled with water. 

A mounted needle, glass rod drawn to dull point, or pair of fine, smooth- 
pointed forceps. 

2 pyrex test tubes. 

Bottle of 10 per cent formalin. 

Bottle of 1 per cent ammonia water. 

Bunsen burner or alcohol lamp. 

Glass slides and cover glasses. 

8 email glass dishes. 

Harris' hematoxylin. 

Eosin. 

95 per cent alcohol. 

Absolute alcohol. 

Carbol-xylene. 

Xylene. 

Canada balsam. 

Blotting paper. 

2. Technic.— -If the tissue has not already been fixed, a block about 

0.5 era. thick is boiled for one minute in 10 per cent formalin in a test 
tube, and rinsed in tap water. It is placed on the freezing stage of the 
’ \ ' ‘ * ' ‘ • I. 


Select full sections and transfer in turn to the following which arc in 


small shallow glass dishes: 

1. Harris hematoxylin ... 30- GO secs. 

2. 1 per cent ammonia water . . Until blue 

3. Tap water . • • Hinsc 

4. Eosin . • 5-15 sees. 

5. 95 per cent alcohol ... . . Hinge 

6. Absolute alcohol ... .5 secs. 

7. Carbol-xyleno ... . . . 5 sees. 

8. Xylene . . 5 secs. 

9. Mount on slide in Canada balsam. 


III. Routine Paraffin IVIethod.—l. Materials.— The following arc re- 
quired in addition to those enumerated under Frozen Section Method: 

■ # ■ 1 rrolcs and S tender disho. 

Chloroform. 

Acid alcohol. 

Xj lenc. 

12 bottles, wide mouth, 4-ounce with corks. 

Tissue forceps, 1 pair each, long and short. 

Sectioning rarer or razor blades. 

1 scalpel. 

Cutting board (cork or paraffin block). 

Paper or metal forms for moulding block*. 

2 basins or photo-dcvcloping traja. 

Ice. 

Hotary microtome. 

Sharp knife. 

Hone ami strop. 

Camel's hair bnidi<-«, one f«oinltd, one I to 1J inches wide. 

12 Cophn jars. 
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2. Fixation.— Specimens ol tissue which are to be examined micro- 
scopically should be fixed as quickly as possible after surgical removal or 
after death of the patient. 

A 10 per cent solution of formalin is the most convenient and generally 
practicable fixative. For finer cellular studies, and some special stains, it is 
necessary to fix in one of the chromate solutions, of which Zenker's is the 
most popular. If it is desired to stain for glycogen, aqueous fixatives must 
be avoided as glycogen is soluble in water, and absolute alcohol must be 
used. 

Blocks of tissue should be about 0.5 cm. in thickness and they should be 
placed in an excess of the fixative agent to insure thorough impregnation. 
If formalin is used, the tissue may be kept in it indefinitely. If fixation is 
in Zenker's, the blocks are to remain in it but twenty-four hours, then 
washed in running water for twenty-four hours and preserved in SO per 
cent alcohol. 

3. Embedding and Cutting.— Blocks not more than 0.5 cm. thick that 
have been fixed in 10 per cent formalin or Zenker’s fluid are placed in the 
following: 

(1) Ninety-five per cent alcohol, two to four hours. 

(2) Absolute alcohol, two to four hours. 

(3) Chloroform, two to four hours. 

(4) Chloroform saturated with paraffin, overnight in warm place at 

about 37° C. 

(The above steps are carried out in wide-mouth, tightly corked 
bottles). 

(5) Paraffin two to four hours in oven. 

(6) Embed in paper or metal forms, with desired surface down, being 

sure to eliminate air bubbles. To prevent crystallization of 
paraffin, the mould should be immersed in ice-water while 
paraffin is still melted. 

(7) Trim block so that opposite edges about tissue are parallel, leaving 

narrow margin of paraffin. 

(8) Blount on metal block holder by heating latter, pressing on block 

and immersing all in ice-water. 

(9) Cutsectionsasthinaspossible;underlOp. Be sure knife is sharp, 

tightly clamped in microtome, that its edge is inclined toward 
block just enough so that block misses back surface of knife and 
that lower edge of block and knife edge are parallel. 

(10) Lay sections on surface of water sufficiently warm to insure com- 

plete spreading of section (40° to 50° C.). If sections are in 
ribbons, they may be separated by touching while in the water 
with the edge of a heated scalpel. 

(11) Float section onto slide that has been very lightly smeared with 

Mayer's albumin. 

(12) Drain off water and place slide in oven for one-half hour to fix 

albumin. 

4 . Staining.— In the following steps, use a series of Coplin jars fined up 
in proper order. 

Remove paraffin by immersing slide in xylene for several minutes, then in 
absolute alcohol one minute. 
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Ninety-five per cent alcohol one minute. (If tissue has been fixed in 
Zenker’s, add sufficient iodine to the alcohol to give it a light port-wine 
color. This is to remove the precipitate of mercury and requires five to 
ten minutes. Rinse in clear 95 per cent alcohol.) 

Wash in tap water 

10 minutes 

Wash in tap water. 

80 per cent alcohol containing 1 per cent ammonia, 
until blue ... . . about 10 seconds 

Wash in tap water. 

Eosin . . ... 2 minutes 

95 per cent alcohol— to remove excess eosin. 

Absolute alcohol . . 1 minute 

Carbol-xyleno . . .1 minute 

Xylene —2 changes . 2 minutes each 

Mount in Canada balsam. 

IV. Rapid Paraffin Methods.— Two methods are given, cither of which 
is satisfactory. 

Ambrogi Method 

1. Formalin, 10 per cent . . G hours 

(or overnight) 

2. Wash in running water . . 2 hours 

3. Acetone through 3 changes of one-half hour each J | hours 

4. Ccdarwood oil until translucent. 

5. Paraffin through 3 changes of one hour each 3 hours 

Mallory and Wright (Method ,Vo. 3) 

Tissues already fixed in formalin or fresh tissues boiled two to three 
minutes in 10 per cent formalin may be used. Illocks should not be more 
than 5 mm. thick. 

1. Acetone, 2 or 3 changes . 1-2 hours 

2. Benzene, 2 changes . 30 minutes 

3. Paraffin, 2 changes . ... 43 minutes each 

Following either of above methods proceed as in -top No. 0 under 
Routine Paraffin Method. 

V. Special Stains. 

Stains fur Fat 

1. {'tain frozen sections for one minute in oil rod O solution. 

2. Wash in water 

<>. Clear in aniline. 

7. Mount in gljcrroj. 

The fat is stained rid. 

CamilelTs Stain for . Icid Fast Hanlli 
After rvmo\iiig paraffin and passage through alcohol ■» and water— 

1. Main sections for one-half hour at room tfinj*raturv in Iain) © in’s 

cailxJ-fuchsln. 

2. Wadi in w atcr. 

3. Decolorize m acid alcolnd a nur.ule or two. 

4. Wadi in water. 

5. Hcmatoxjhn. 

IT 
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C. Wash in water. 

7. Acid alcohol. 

8. Wash in water. 

9. Ammonia water, I per cent. 

10. Wash in water, 

11. Counters tain in a saturated aqueous solution of Orange G. 

12. Dehjdrnte in 95 per cent aud absolute alcohol. 

13. Clear in xylene. 

1-1. Mount in balsam. 


MacCallum’s Stain for Bacteria 

Paraffin sections affixed to the slide arc passed through xylene and alcohols 
to water, and stained for ten minutes to one-half hour in the Goodpasture 
mixture prepared as follows: 

30 per cent alcohol 100.00 cc. 

Basic fuchsin 0 59 gin. 

Aniline . ........ 1.00 cc. 

Phenol crystals 1.00 gm. 

They are then washed in water and differentiated in -10 per cent formal- 
dehyde. This requires only a few seconds, the bright red color being 
washed away and replaced by a clear rose. Sections are next washed in 
water and counter-stained in a saturated aqueous solution of picric acid. 
The section remains in this until it assumes a purplish color (three to 
five minutes); then it is washed in water and differentiated in 95 per cent 
alcohol. The red reappears and some of it is washed out as is some of 
the yellow of the picric acid. The sections arc then washed in water and 
stained for three to five minutes in Sterling’s gentian violet prepared as 
follows: 

Crystal violet . 5 gra. 

Alcohol . . . . 10 cc. 

Aniline 2 cc. 

Water . . . . . . . . SS cc. 


Then 

minute. 


washed in water and immersed in Gram's iodine solution one 


Iodine . . 1 gm. 

Potassium iodide . . . . 2 gm. 

Water 300 cc. 


The slides are finally blotted dry without washing, treated in equal 
parts of xylene and aniline until no more color comes away, passed through 
2 changes of xylene and mounted in balsam. 

Gram-negative organisms are stained red; Gram-positive, blue. 

Wartkin-Stony Method (Kerr modification). 

This method has the advantage over the Levaditi method in that it is 
used on tissues already embedded in paraffin. 

1. Fixation: Formalin. Zenker-fixed is not satisfactory. 

2. Solutions: 

(а) Citric acid: One per cent aqueous solution. It should be not o\er 
one week old. 

(б) Acidulated water. 
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To 5 liters of doubly distilled water, add enough 1 per cent citric acid to 
produce a pll of *1.1. The pH can be determined satisfactorily by using 
bromcrcsol green as an indicator. Usually 10 drops of citric acid to 100 cc. 
of doubly distilled water is sufficient. 

(c) Silver nitrate solution. Dissolve -1 gm. of reagent quality silver 
nitrate in 200 cc. of acidulated water. Store in a dark bottle. 

(d) Hydroquinonc solution. Dissolve 1 gm. of hydroquinonc in 33 cc. of 
acidulated water. 

(e) Gelatin solution. Heat 200 cc. of acidulated water to boiling in a 
500-cC. beaker. Remove the flame and crowd in 10 gm. of gelatin (bacteri- 
ologic quality). Stir intermittently. 

(j) Developer. Mix 3 cc. of the silver nitrate solution and 1 cc. of 
hydroquinonc solution with 15 cc. of gelatin. 

3. Procedure. 

(a) Cut sections S to 10 microns thick from paraffin-embedded tissue. 
Float them on warm, recently boiled, freshly distilled water. 

(b) Without the use of albumin or other fixative, tbe sections are placed 
Xo. 1 cover slips which have been cleaned by soaking in concentrated 

nitric acid, washed in distilled water and dried out of 95 per cent alcohol. 
The sections on the cover glasses arc dried in the oven for as long as twenty- 
four hours, if time permits. 

(c) Warm the cover glass preparations gently and place in 2 changes of 
\v lenc to remove paraffin, then in 2 changes of absolute alcohol. 

(rf) Rinse in 95 per cent and in 70 per cent alcohol, in distilled water and 
finally in acidulated water. 

(e) Place cover slips on edge in 1 per cent silver nitrate solution prepared 
l>\ diluting die 2 per cent solution with acidulated water and keep in the 
oven at 55° to G0° C. for thirty minutes. 

(/) Place cover slips, section up, in a Petri dish and pour thoroughly 
mixed developer over them. 

(<j) Allow the sections to develop in this mixture until they turn a fight, 
golden brown or a grayish yellow, depending upon die kind of tissue. Some 
tissues will develop more rapidly than others. The developing time for a 
given tissue can be determined best by treating several sections from the 
same block for graded intervals, in steps of one-fourth minute, from one 
miuutc to three or more minutes. After some practice the technician will 
learn to recognize by the color of a section when a desirable level of develop- 
ment has been obtained. Underdeveloping gives a very light background 
with pale or attenuated black spirochetes. Overdeveloping gives a dark 
background and heavy black spirochetes with the characteristics of the 

background with 

.'3° to 55°) distilled 

water, then rinse in distilled water at room temperature. 

(i) Itinse in 70 per cent and in 95 per cent alcohol. 


with tap and distilled water, and drying. 

4. Results. Spirochetes stain black. Background is yellowish. 
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Masson's Trichrome Stain ( Lt . Col. DeCoursey ) 

Solutions : 

1. Weigert’s Hematoxylin: 

Solution A 


Hematoxylin 1.5 gm. 

Alcohol, 95 per cent 100 cc. 


Solution B 

4 cc. 

• .95 cc. 

I. • . . . X cc. 

For use mix equal parts of A and B. 

2. Ponceau— acid fuchsin mixture (Krall): 

Ponceau de xylidene (Krall-Eimer and 


Amend, N. Y.) 0 9 gm. (approx.) 

Acid fuchsin 0 1 gm. (approx.) 

Glacial acetic acid 1 cc. 

Distilled water 100 cc. 

3. Phosphomolybdic acid 1 gm. 

Distilled water 100 cc. 

4. Aniline Blue: 


Boil 100 cc. of distilled water. When boiling remove and add 2 or 3 
grams of aniline blue. Boil a little longer to dissolve the dye. Add 2.5 cc. 
of glacial acetic acid. Cool and filter. 

Fixation: (For Masson’s Trichrome Stain.) 

Bouin best, but any fixative may be used. The paraffin sections having 
been carried through xylene and alcohols to water, are soaked overnight in 
Bouin— even Bouin-fixed tissues. Just before staining, wash in running 
water for twenty minutes, to remove picric acid. 

Staining: 

1. ■ ' ■■ Quick rinse 

• ■ . fferentiate in 

2. ' "\. 

3. •• 

4 

5. ■ . decolorizes the 

6. ■ _ 0 . i j > 0 „ Leave five or 

7. . 

8 1 This step is 

„ . , Dmit this step 

with light green. 

9. Rinse with distilled water. 

10. Glacial acetic acid, 1 per cent in distilled water (Coplin jar) two to five 

minutes. This eliminates the phosphomolybdic arid and sets the acid 
red and blue. 

11. Dehydrate: Clear with toluene or xylene. 

* After soaking paraffin section* in Bouin 'a solution oi eraigiit. 
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12. Mount with Canada balsam. 
(Ju 


oluene 
its the 


Van Gieson's Stain for Connective Tissue 

Either formalin or Zenker-fixed tissue may be used. Paraffin sections 
are brought through xylene and the alcohols to water, then 

1. Stain in Weigert iron hematoxylin, fi\e to ten minutes. 

2. Wash in water. 

3. : .. . ■ ae). 

4. 

5. 

6. Cedarwood oil, one minute. 

7. Xylene and mount m xylene balsam. 

Nuclei are stained black or dark brown; connective tissue a purplish- 
red; stroma yellow. 

Mallory’s Phosphotungslic Acid Hematoxylin Stain 
Zenker-fixed tissue gives the best results and only if tissue is fresh. 
If formalin-fixed, wash in water and mordant for twelve to twenty-four 
hours at 37° C. in Zenker’s fluid without the acetic acid. Paraffin sections 
fixed to slides are brought through xylene and the alcohols to water. 

1. Then place in 0 25 per cent aqueous solution of potassium permanganate 

for five to ten minutes. 

2. Wash in water. 

3. • % ’■ a, 

4. 

5 . . 

(This dehydration must be done quickly because alcohol readily 
extracts the red part of the stain.) 

7. Xylene and balsam. 

Nuclei, ccntrosomes, achromatic spindles and fibroglia, myoglia aiid 
neuroglia fibrils, fibrin and the contractile elements of striated muscle arc 

d the ground substances 
to brownish-red. Coarse 


Wilder’s Reticulum Stain 

Fixa t ion.— Fix tissues in 10 per cent formalin, ncctic-Zcnkcr or fonnol- 
Zenker. 


xylene, 'graded alcohols and distilled water before staining.^ Cciloidin 
sections may vary in thickness from 4 to 30 microns. ’Die thick sections 
give a better idea of the density of the fibers in some tumors. They arc 
stained in dishes before mounting. Frozen sections may be stained in 
dishes before mounting, or mounted on slides and attached with thin 
celloidin bofore staining. 
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Frctreatmeni. — P£ace paraffin sections in 10 per cent phosphomolybdic 
acid, or celloidin and frozen sections in 0.25 per cent potassium permanga- 
nate, for one minute. Rinse in distilled water. Place celloidin and frozen 
sections in hydrobromic acid (Merck's concentrated, 34 per cent, 1 part; 
distilled water, 3 parts) for one minute. Hydrobromic acid may be omitted 
following the use of phosphomolybdic acid, in staining paraffin sections. 

Setisitizatum.—' Wash in tap water, then in distilled water and dip in 
1 per cent uranium nitrate (sodium free) for 5 seconds or less. 

Impregnation .— Wash in distilled water ten to twenty seconds and place 
in silver diamino hydroxide (Foot) for one minute: 

To 5 cc. of 10,2 per cent silver nitrate add ammonium hydroxide drop by 
drop until the precipitate which forms is dissolved. Add 5 cc. of 3.1 per 
cent sodium hydroxide and just dissolve the resulting precipitate with a 
few drops of ammonium hydroxide. Make the solution up to 50 cc. with 
distilled water. 

Reduction.— Dip quickly in 95 per cent alcohol and reduce for one minute 
in the following solution: 

Distilled water, 50 cc.; 40 per cent neutral formalin (neutralized with 
magnesium carbonate), 0.5 cc.; 1 percent uranium nitrate, 1.5 cc. 

Toning.— Wash in distilled water and place in 1:500 gold chloride 
(Merck’s reagent) one minute. Rinse in distilled water. Place in 5 per 
cent sodium thiosulphate (hyposulphite) one to two minutes. 

CounUrstaining and Mounting.— Wash in tap water; counterstain, if 
desired, with hematoxylin and Van Gieson, or hematoxylin and eosin; 
dehydrate in alcohol. Clear in xylene and mount in balsam. The use of 
ammonia must be avoided in blueing sections after hematoxylin as it 
dissolves the silver. 

The use of distilled water and clean glassware for all solutions is essential. 
All the solutions may be used repeatedly and kept in Coplin jars for several 
days. The solutions keep for an indefinite time in amber glass-stoppered 
bottles without disintegrating. 

Stain for Elastic Tissue 

Sections fixed to the slide are brought through xylene and alcohols to 
water, and stained in the following for one-half to two hours. 

Crystal violet 2.0 gm. 

Dextrin 0.5 gm. 

Resorcinol 4.0 gm. 

Water, distilled 200.0 cc. 

This mixture is boiled in a flask and when boiling briskly 25 cc. of 29 per 
cent aqueous solution of ferric chloride are added. Boiling is continued 
for two to five minutes. A heavy precipitate forms, and the mixture 
assumes a greenish cast. It is then cooled and filtered. The precipitate 
is dissolved by boiling with 200 cc. of 95 per cent alcohol over a water 
bath or electric hot plate. After cooling and filtering the volume is made 
up to 200 cc. with 95 per cent alcohol. Add 4 cc. of strong hydrochloric 
acid (33-8 per cent). 

Sections are differentiated in 9o per cent alcohol, washed in water and 
stained for ten to fifteen minutes in Weigert iron hematoxylin. 
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Sections are washed in water and stained in Van Gieson’s mixture for 
one to two minutes. 

Sections are then differentiated in 95 percent alcohol, dehydrated through 
alcohols, cleared in xylene and mounted in balsam. Elastin only stains 
yellowish-green. 

Campbell’s Stain for Nerve Tissue 

The following impregnation method for medullatcd and non-mcdullated 
nerve fibers has the advantage of allowing a counterstain for the differen- 
tiation of other tissue elements. It has been found satisfactory for staining 
the fibers of both the central nervous system and peripheral nerves. 

1 . Fix pieces of tissue not over 3 mm. thick for three hours in Carnoy's fluid. 

2. Wash in several changes of absolute alcohol for twenty-four hours. 

3. 50 per cent alcohol for 6ix hours. 

4. Ammonia ted 50 per cent alcohol (5 drops of ammonium hydrate to 50 cc. 

of 50 per cent alcohol) for twenty-four hours. 

5. Rinse quickly in distilled water. 

6 . 

8 . . ■ 

Hydroquinone 1 gm. 


9. W i ‘ 

10. Place in 80 per cent alcohol. 

Steps 6, 7 and 8 should be carried out in the dark at 37° C. and Step 9 
in the dark at room temperature. The Carnoy’s fluid, silver solution and 
reducing solution should be freshly made up. It is essential to have clean 
glassw'are and to use distilled water throughout. 

A satisfactory impregnation of the nerve fibers, but with less sharp 
differentiation, may be obtained by placing formalin-fixed blocks in 
Carnoy’s solution for twelve to twenty-four hours and then proceeding as 
above. 

After the tissue has been dehydrated, embedded and cut according to 
the usual paraffin technic it may be counterstained with hematoxylin 
and eosin, and mounted in balsam. 

Nerve cells stain brown, their nuclei blue and their processes black. 
Non-medullated fibers stain intensely black and medullated fibers brown- 
ish-black. The medullary sheath appears as a yellow segmented cylinder 
surrounding its darker axon. Where a neurilemma is present its oval 
blue nuclei are easily distinguishable i 
medullary sheath. Elastic tissue, stall 
white fibrous connective tissue pink t 

the age of the fibers. Muscle stains ye.. w ., — 

stains pink and all nuclei blue. 


Stain far Nerve Cells 


Paraffin sections are brought through xylene 
and then stained in the following: 

Azure C (monometbyl tbionin) . . 

Erythrosine 

Water 

95 per cent alcohol 


and the alcohols to water 


0.25 gm. 
0.10 gm. 
95.00 cc. 
5.00 cc. 
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Disaoh u the azure in 50 cc. water. 

Dissolve the er> throsinc in 3 cc. of 93 per cent alcohol and add 45 cc. 
water. 

The 2 solutions are mixed and filtered. The stain should be filtered 
each time before using, and it will sometimes be necessary to add a small 
amount of erj throsine to it as it gets older. 

Best results are obtained by leacing sections from central nervous 
system in stain overnight; for other tissues four hours arc usually sufficient. 
For formalin-fixed material the differentiation is as follows: 

1. Excess of blue is resumed with absolute inetbjl alcohol in ten seconds. 

2. Differentiate in absolute cthjl alcohol, 50 cc.; glacial acetic acid, 

10 drop3; watch process under microscojie until the background is 
pale pink and the ncr\c cells a clear blue. 

3. Wash thoroughly with absolute alcohol. 

4. Clear in oil oj bergamot. 

5. X)Icne. 

G. Mount in neutral balsam or thick cedar oil. 

For alcohol-fixed material differentiate in: 

1. 0.5 per cent aluminum sulfate. 

2. 50 per cent alcohol. 

3. 80 per cent alcohol. 

4. 95 per cent alcohol. 

5. Absolute alcohol. 

0. Oil of bergamot. 

7. Xylene. 

Caution.— The absolute alcohol used in differentiation must be high 
grade, practically an anhj drous alcohol— or the blue stain will be extracted. 

Stain for Amyloid 

Paraffin sections arc brought through xylene and the alcohols to water 
then, 

1. Stain in 1 per cent aqueous solution methyl violet, five minutes. 

2. Wash in water containing 1 per cent glacial acetic add. 

3. Mount in water or glycerol. 

The stain is not permanent. Amyloid stains violet-red, the tissue blue. 
Stain for Hemosiderin 

Paraffin sections of freshly fixed tissue stained for about one-half minute 
in — 

1 . 1 1 

: , , ■ 'i . s 

2 Wash thoroughly in several changes of water. 

3. Counterstain in 0.1 to 0 5 per cent solution of bade fuebsin in 50 per 

cent alcohol for five to twenty minutes. 

4. Wash in water. 

5. 95 per cent alcohol few minutes. 

6 Absolute alcohol few minutes. 

7. Xylene and mount in balsam. 

Nuclei and hemofuscin are stained bright red, hemosiderin blue. 
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Von Kossa’s Stain for Calcium 

-lunate. 

i a 1 to 5 per cent solution 
3 twelve hours. 

.mu mount in Canada balsam. 

Calcium stains deep black; nuclei may be counterstained with alum 
hemotoxylin, carmine or safranin. 

VI. De calcification. —Tissues containing bone are fixed in 10 per cent 
formalin, then placed in the decalcifying fluid until the lime salts are 
removed, changing fluid daily This requires from one to seven days and 
may be determined by piercing the block with a needle. Suspend the 
tissues in neutral 10 per cent formalin over magnesium carbonate until 
blue litmus paper is not changed by touching the tissue to it. Then wash 
in running water for twenty-four hours, after which the blocks are ready 
for dehydration and embedding, beginning with step 1 of Routine Paraffin 
Method. 

For bone marrow studies on very thin slices of bone or sternal-puncture 
material use Zenker’s fixative with 10 per cent acetic acid instead of the 
usual 5 per cent. Twenty-four to forty-eight hours are required, then 
proceed as after the regular fixation. The best stain, incidentally, is 
Mallory’s Phloxine and Methylene Blue. 
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PART X 

Special Veterinary Laboratory Are 


By Raymond Randall 

In addition to many of the methods which have already been considered 
in this Manual, the following additional technical procedures are also 
commonly employed in the veterinary diagnostic laboratory. 


CHAPTER XLII 


GENERAL TECHNIC 


1. Collection of Specimens.— 1. Serum.— Blood is usually collected from 
the jugular vein of the horse, sheep or cow, while from the dog it may be 
drawn from the saphenous vein. Specimens of serum should be clear, uncon- 
taminated and free from hemoglobin. 

2. Blood.— For bacteriological examination and smears on slides, treat 
in the same manner as specimens from man. For examination for parasites, 
blood is collected in physiological saline containing i per cent sodium 
citrate. For anthrax, the ear of a dead animal may be severed close to the 
skull, the exuding blood collected with a sterile pipet or syringe, distributed 
over the inside wall of a test tube or bottle and permitted to dry before 
stoppering. For blood cell counts the technic is the same as described for 
man, except that for the white cell count 1 to 1.5 per cent acetic acid solu- 
tion is used for the diluting fluid since the 0.5 per cent solution used for 
human blood may not cause complete laking of the red blood cells. The 
normal blood cell counts of domestic animals are shown in Table 92. 


Tadlb 92. — Normal Blood Co dms 


Hemoglobin (%) 70-85 

Red blood cells (millions) 6-9 

White blood cells (thousands) 6-9 
Polymorphonu clears (%) CO-65 

Small lymphocytes (%) 25-30 

Large l>mphocytes (Vo) 2-5 

Transitionals (%) 1-2 

Eosinophilcs (%) 3-4 

Mast cells (%) 0 5-1 0 




Cow Pig Dog 

CO-75 75-85 85-00 

5-7 6-8 5-7 

5-8 15-20 7-10 

40-15 38-42 67-70 

48-52 52-54 25-2S 

4- 6 4-5 3-4 

2-4 1-3 1-2 

5- 7 4-5 4-0 

0 5-1 0 1 0-2 0 0-0 5 


C«t 
65-75 
5-6 
10-12 
58-60 
35-38 
2-4 
2-3 
4-5 
0-0 6 


3. Tissue.— Tissues for histopathological examination should be pre- 
pared as indicated in the section on Pathology. Tissues for bacteriological 
examination may be sprinkled with powdered borax, wrapped in sterile 
. , ' ■ i ■ • ' ' nimals 

' . ■ ' ■ ... It is 

■ ■ ■ ' ' ■ ' tory is 

distant, the brain should be removed, one hemisphere placed in pure 

(747) 


748 


GENERAL TECHNIC 


glycerol fur touch preparations and animal inoculation; and the remainder 
placed in 10 j>er cent formalin for histopathological examination. For 
equine encephalomyelitis, portions of brain may be preserved for shipment 
in buffered (pH 7.4 to 7.5) 50 per cent gl> ccrol in physiological saline. 

4. ~SJrin Scrapings.— SjK-cimcns to be examined for fungi or external 
parasites should be collected from the periphery of the most recent lesions. 
Use a sharp scalpel and take the scrapings deep enough to insure inclusion 
of some hair roots. 

5. Unne.— Specimens of urine, especially those for bacteriological exam- 
ination, should be collected with a sterile catheter after disinfection of the 
external genitals. Specimens for chemical examination may be preserved 
for shipment by using 2 drops of formaldehyde for each ounce of urine. 

0. Feces.— Specimens should be obtained from freshly expelled material, 
and collected in a manner to exclude portions that have come in contact 
with the ground. For microscopic examination for ova, it is always advis- 
able to concentrate the specimens. Prepare and keep on hand a 75 per cent 
aqueous solution of ordinary’ cane sugar, adding benzoic acid as a pre- 
servative. Place several grams of the feces in a clean beaker and mix 
thoroughly with a glass rod with sufficient w-a ter to make a uniform sus- 
pension. Filter through gauze to remove coarse particles, add an equal 
amount of sugar solution and mix. Place in centrifuge tube and centri- 
fugalize at a moderate rate of speed for about two minutes. By touching 
the butt of a small test tube or the rounded end of a glass rod to the surface 
of the fluid in the centrifuge tube a few drops of the uppermost layer may 
be picked up, placed on a slide and the preparation examined microscopic- 
ally for ova. The specific gravity of the sugar solution is such that the 
ova of most parasites are brought to the top. 

7. Forage and Bedding.— Specimens for bacteriological examination 
should be representative of the total lot. 

8. Poisonous Plants.— Specimens for examination or identification should, 
when practicable, include the root, flowers and seeds. If expert opinion ts 
desired, the specimens may be sent to the Pathological Division, Bureau 
of Animal Industry, United States Department of Agriculture, Washing- 
ton, D. C., or to the nearest College of Agriculture. 



CHAPTER XLIII 

DIAGNOSIS OF SPECIFIC DISEASES 

I. Actinomycosis. — Caused by. Aclinomyces bods. — Tins infection 
occurs commonly in cattle and hogs, infrequently in horses and sheep. In 
tissue processes it forms minute, grayish, yellowish, or greenish granules 
which, when crushed and examined microscopically, are found to be made 
up of a dense network of branching threads of filamentous mycelia radiating 
from a central point and terminating at the periphery in characteristic 
club-shaped endings. 

In making a direct microscopic examination, mix a portion of pus or 
exudate with a quantity of water or salt solution and with the aid of a 
hand lens examine for granules. If present they are placed on a slide, 
crushed, and stained with carbolfuchsin. The "ray fungus" is character- 
istic. Histopatbological sections of tissues from cases of actinomycosis 
reveal the organism satisfactorily when stained with hematoxylin-eosin. 

The mycelial filaments are uniformly Gram-positive, whereas the club- 
shaped terminals are usually Gram-negative. This assists in differentiating 
the granules of Actinomyces bovis from Actinobactllus ligniercsi It is 
extremely difficult to isolate in pure culture. For cultural and biochemical 
characteristics, see page 498. 

II. Gangrenous Dermatitis and Other Necrobacilloses.— Caused by: 
Actinomyces necrophorus.— In addition to gangrenous dermatitis in equines, 
this organism is the etiological agent of a variety of conditions collectively 
referred to as "necro-bacilloses." These include foot-rot and lip-and-leg 
ulceration of sheep, necrotic stomatitis of swine, calf diphtheria, multiple 
liver abscesses in cattle, sheep and hogs, and a number of localized processes. 
It occurs secondarily in intestinal ulcers in hog cholera and in canker of 
the foot in the horse. It has been isolated from necrotic lesions in man. 
Pure cultures may be obtained from abscesses in the liver upon media con- 
taining blood or blood scrum. Of the anaerobic methods, the hydrogen 
replacement method is least suitable. The .alkaline pyrogallatc method of 
oxj'gen exhaustion is fairly satisfactory - 

III. Anthrax.— Caused by: Bacillus anihracis.—lt dried blood is 
examined, several cc. of sterile physiological salt solution are placed in 
the vial or tube containing the same and, with a platinum loop the blood 
is washed from the walls of the container, thoroughly mixed, and used for 
inoculation of culture media as well as laboratory test animals. If an car 
is submitted, blood from the auricular veins may be moistened with 
physiological salt solution and treated as above. 

Streaked cultures are made on agar plates and incubated for twenty- 
four hours, and preparations from characteristic colonies are examined 
for morphology and motility. Suspected organisms should be tested for 


motile and, later, spore-forming, 
is justified. 


aerobic organisms, a diagnosis of anthrax 
( 749 ) 
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Cultural characteristics may be found In Part IV, Bacteriology. 

IV. Blackleg (also called Symptomatic Anthrax).— Caused by: Clos- 
tridium chaurcei.— When freshly isolated from tissues (in contradistinction 
to anthrax) the organism shows the presence of spores. Intramuscular 
inoculation into the hind leg of a guinea pig of organisms or extracts of 
comminuted tissue causes death in eighteen to thirty-six hours. The lesion, 
emphysematous gangrene, gives off an odor resembling that of butyric 
acid. The sporulating organisms may be demonstrated by direct smear 
and are usually single or in pairs. Rabbits and rats are not susceptible. 

See Part IV, Bacteriology, for cultural and differential characteristics of 
the Clostridia. 

V. Malignant Edema.— Caused by: Clostridium sepiicum (also called 
Cl. ccdematis-maligni, Vibrion septique).— This organism is constantly pre- 
sent in soil the world over. It usually enters the body through wounds, and 
as a rule the disease in animals terminates fatally. It causes one t>7)e of 
gas gangrene in man. It is a strict anaerobe and may be cultivated by 
using the same technic as described for Cl. chaurcei. Guinea pigs, rabbits, 
chickens, pigeons and mice are susceptible but the rabbit is preferable, as 
it differentiates malignant edema from blackleg to which the rabbit is 
refractory. 

VI. Glanders.— Caused by: J lalkomyces mallei.— Lesions in sub- 
cutaneous and other lymph glands, nodules from the lungs and elsewhere, 
as well as pus from suspected lesions, should be subjected to direct micro- 
scopic examination, culture, histopathologtcal examination and animal 
inoculation. Serum specimens should be examined by the complement- 
fixation test. 

Tissues should be seared to destroy external co ntaminants, and representa- 
tive portions removed aseptically, comminuted with sand in a sterile 
mortar, and planted on 3 per cent glycerol-agar potato medium, or in 3 per 
cent glycerol bouillon. Media of a slightly acid reaction (pH 6.8) are 
best. As M. mallei, when freshly isolated, grows slowly, it may require 
several days or one week for colonies to become visible. See Part IV, 
Bacteriology, for cultural characteristics. 

Histopathological preparations may show the typical glanders tubercle. 
Care must be taken not to mistake small parasitic nodules for those of 
glanders. The glanders tubercle is, in some respects, similar to the lesion 
of tuberculosis. Usually there is a caseous center surrounded by an area 
of cellular infiltration which becomes less dense as it extends toward the 
periphery of the lesion. There is more or less fibrous tissue present depend- 
ing upon the age of the process. Giant cells and deep-staining chromatin 
granules (derived from nuclei of broken down cells) are observed. Parasitic 
nodules should be readily differentiated by the fact that the lesion is 
usually sharply circumscribed and encapsulated, calcification is the rule 
in all but very young lesions and, finally, there is almost invariably a 
marked eosinophifia. 


When grown on either of these media, especially when the surface is 
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somewhat dry, the growth, in seventy-two hours, takes on a characteristic 
dry, wrinkled appearance like parchment. On plates it will be found that 
the colonies are non-adherent to the medium and can be removed without 
material distortion, by pushing them lightly with a platinum loop. Old 
may lose their parchment-like appear- 
found on page 471, Streptococcus geni- 
■ . is but weakly Gram-positive. 

— — —ay prove of value where the animal lias 

not received abortion bacterin, but the test may not be positive even in 
actual cases if the blood is collected within the period from a few days 
before to a week after abortion. 

frc ‘ • _ J 

charge is best collected by the use of sterile swabs. Small sections of 
umbilical cord, fetal spleen, liver, ligated heart, and kidney may be exam- 
ined. The fetal stomach with fluid contents should be ligated and sub- 
mitted for examination. 

MU. Infectious Abortion of Cattle. —Caused by: Brucella abortus 
(Bang) in a large per cent of cases; rarely Vibrio fetus The organism 
commonly causing abortion in cattle is one of three closely related tjpes, 
Brucella abortus, Brucella suis, and Brucella uiclitcnsis . The differentiation 
of these three varieties is not a simple matter and is described in Part IV, 
Bacteriology. Serum specimens from cows suspected of having the disease 
may be used in the agglutination test. 

Guinea pig inoculation will frequently result in isolation of Brucella 
abortus when direct artificial culture methods fail. If the material to be 
inoculated is not too grossly contaminated the guinea pig may be inocu- 
lated intraperitoncally, otherwise the inoculation should be made sub- 
cutaneously. Six weeks after inoculation the guinea pig is chloroformed 
and (he spleen, liver, testicles, and the inguinal, sublumbar and precrurul 
lymph glands are examined for lesions. The spleen is the best organ for 
culture and generous amounts of the same should he rubbed over liver 
infusion agar. Brucella abortus when freshly isolated will grow only in an 
atmosphere of reduced oxygen tension such as 10 per cent carbon dioxide. 

If Vibrio fetus is suspected, the uterine exudate and material from the 
chorion and fetal tissues, especially the stomach and kidneys, should be 
examined microscopically and . _ . ’ 

of the organism is significant. . . ■ ' ■ ■ ■ * : 

an atmosphere of reduced oxygi ■ ■ ■ . 

Media containing blood or scrum are essential to support growth. 

IX. Hemorrhagic Septicemia.— Cnti^d by: Pasleurclht bolliugcri (in 
cattle); Pa-drnrri/a equiseptinx (in horses); Paste ureffu suilUi (in swine); 
Vaitcurclla onsepliea (in sheep); and Baslcurella arid I a (in birds). (Sec 
Part IV, Bacteriology, for cultural characteristics.) 

Blood cultures, blot*! smears on sliJes, tissue and tissue exudato from 
edematous swellings, affected Ij mph glands, spleen atui other organ* diould 
be examined. 

Blood agar or other solid media containing strum are to Ik: preferred 
and it is always will to include E.M.B. agar for the detection of organisms 
of the coll group as these latter, at times, play a pathogenic rule and when 
present in tissues may show bijwlar staining. Stained preparations from 
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young bouillon cultures may show bipolar staining if the stain is not left 
cm too long. 

For microscopic demonstration of the organism, blood films, as well as 
preparations from the spleen and kidneys, are best stained with Wright's 
stain. Dilute carbolfuchsin and LocOlcr's methylene blue give fair results. 

Specimens from suspected cases of hemorrhagic septicemia may also 
be inoculated into rabbits and mice, into the former intra\ cnously and 
the latter intraperitoncally. If the material is grossly contaminated the 
inoculations may be made subcutaneously. For the recovery of the organ- 
ism from such animals, cultures should be made from the heart blood, 
spleen, kidneys, peritoneal fluid and any prominent lymph glands. 

X. Ulcerative Lymphangitis. —Caused by: Corynebaderium orb (com- 
monly called Preisz-Nocard bacillus).— Lymph glands, lung, spleen and 
other tissues showing lesions as well as pus should be examined for the 
specific organism either by direct microscopic examination or isolation on 
neutral agar. Morphologically, the organism is indistinguishable from 
some strains of C. diphthcrix. Biochemical characteristics are given in 
Part IV, Bacteriology. Subcutaneous and intrapcritoneal inoculations of 
male guinea pigs with pus and tissue extracts produce metastatic abscesses 
and, in many instances, an orchitis. Babbits infected by intravenous 
injection become emaciated and die after several weeks. Caseous foci from 
which the organisms may be isolated are usually found in the liver, lungs 
am l 

* . ,, , , ■ . ■» 

also , ■ . . . o • . ^ ' ■ ’ . , ■ ■ 

be made. However, animals infected with this organism do not give reac- 
tions to the mallcin test, nor do their sera give a reaction to the complement- 
fixation test for glanders. 

XI. Epizootic Lymphangitis.— Caused by: a fuugus, Blastomyces 
farciminosus (Zymonema farciminosum).—' This organism is readily demon- 
strable in pus either stained or unstained from affected lymphatics. Dilute 
carbolfuchsin, gently heated, gi\es good staining results, as docs the 
Gram’s method. With the latter stain the blastoniyccs retain the gentian 
violet; however, if the dccolorization is continued, the organisms frequently 
appear completely Gram-negative. They are doubly contoured oval colls 
3 to 4 n in length and 2.5 to 3.5 p in width. Occasionally budding process 
may be observed. Cultivation on artificial media is rarely successful on 
initial isolation and when growth does occur it is imperceptible until after 
twenty to forty days. Egg medium orSabouraud’sagar is preferred. Guinea 
pigs inoculated in the inguinal region sometimes develop lesions in the 
regional lymph glands and rabbits may develop lesions at the point of 
inoculation. 

XII. Mange.— Caused by: Small mites belonging to the order Acarina. 
Occurs in practically all species of animals. These mites are easily detected 
on microscopic examination by their size and shape. 

XIII. Ringworm. — Examine the hair roots and follicles for the presence 
of Trichophyton, a fungus which forms chains of segments. (See Part III, 
Mycology.) 

XIV. Trypanosomiasis.— Caused by: Trypanosoma eqniperdum (Dou- 
rine); Trypanosoma eransi (Surra); T. brucei (Xagana); T. hippicum 
(Murrina).— It is difficult to demonstrate the trypanosome of dourme in 
the blood or fluid of the edematous plagues of horses; however, they may 


BABIES 


753 

be found in the peripheral circulation in cases of surra, nagana and murrina, 
especially during pyrexia! rises. 

In surra, murrina and nagana, several cc of blood and an equal quantity 
of 2 per cent sodium citrate in physiological salt solution may be centri- 
fugalized at high speed for about fifteen minutes, the supernatant fluid 
carefully removed and the upper white stratum examined wet with the 
high dry lens. If trypanosomes are present, they are usually demonstrable. 
Animal inoculations may be required. 

'While the complement-fixation test is an excellent method of diagnosis, 
it is a group reaction, i e , an antigen prepared from one species of try- 
panosomes gives positive reactions with the sera of animals infected with 
any form of trypanosomiasis other than the non-pa thogenic types and 
T. cruzi. Therefore the diagnosis, after a positive complement-fixation 
test, is based on the clinical symptoms and geographical prevalence of the 
disease. In the United States most antigens are prepared from T equiper- 
dum, (See section on antigen preparation ) 

XV. Piroplasmosis. — Caused bv- Bnbrsia equi ( Piroplasma caballi, 

3abesia bigemina, Piroplasma 
alasma cants) (dog).— Until 
that two species of parasites 
osis— Piroplasma caballi and 
that these parasites are only 

..." v ..„ luciciuic Babesia cqui is considered as 

the only known cause of piroplasmosis in horses. 

Blood smears irom the peripheral circulation should be prepared during 
a febrile period of the disease. Wien stained with Giemsa or Wright’s 
the parasites appear within the erythrocytes as pear-shaped, ring-form, 
coccoid or rosette (four elements) structures The pear-shaped forms are 
usually quite common and may occur singly, in pairs, and occasionally in 
groups of four. 

In the case of canine piroplasmosis, large numbers (10 to 12) of the 
parasites are frequently found in a single red cell. They may be pear- 
shaped, and polyangular, and round extracellular forms may abound. 

XVI. Filariasisof the Horse,— Caused by: Ftlaria equina (F. •papillosa). 

—(Many kinds of filaria are found in the horse.) The same microscopic 
technic as that for the detection of trypanosomes may be employed or, 
instead of using citrate solution, the blood may be Iaked with distilled 
water, centrifugalized at high speed, the supernatant fluid discarded, and 
the residue examined. In making such examinations a number of specimens 
of blood should be taken at different times during a twenty-four hour period 
and repeated at intervals of four or five days before a negative diagnosis 
is made. ..... . . 

XVII. Filariasis of the Dog.— Caused by: Dirofilana vntmtu. This 

parasite is called Hcartworm because it is usually located in the right 
ventricle of the heart and the pulmonary artery of the dog causing short- 
ness of breath and cyanosis. The larval appear in the circulating blood 
stream more abundantly at night. Diagnosis may be made by the method 
described for filariaris of the horse. . ... 

XVIII. Rabies,— Kabics is due to a neurotropic virus found in the 
saliva and in the nervous tissue of infected animals and is characterized 
by the formation of intracellular inclusions called Negri bodies. Laboratory- 
diagnosis is based on examination of smears and histological sections of the 

4S 
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hippocampus major ami cerebellum for Xegri bodies and on animal inocula- 
tions of brain emulsions from the suspected animals. As Xegri bodies are 
found in about 90 per cent of the cases an early diagnosis, in many instances, 
may be made by the simple touch preparations stained by Mann's or 
Seller's stain. If these are negative, animal inoculation should l>e per- 
formed. 

If the brain material is fresh and uncontaminatcd it may be inoculated 
at once. If contaminated it should be placed in pure glycerol and held at 
refrigerator tcmi>craturc for several days before subdural inoculation. 

If touch preparations are negative, small portions of the hippocampus 
should be emulsified in several cc. of sterile physiological salt solution and 
about 0.03 cc. inoculated iutraccrebrally into white mice. This may be 
accomplished by forcing the hyjxxicrmic needle, with a drilling motion 
through the thin l>onc Ijing in the depression just posterior to the eye, 
using a J-incli needle with a short, sharp bevel. The intralingual and intra- 
cerebral mutes of injection into anesthetized rabbits may also he used. 

As a rule the average rallies street virus will cause death in the mouse 
in nine to thirteen dn\s and in the rabbit in about sixteen days; at times, 
longer. The animals usually develop the dumb form of rabies. 

Negri bodies may be demonstrated in the brain tissue of the mice, 
rabbits and guinea pigs dying from rabies but they are usually smaller 
than those observes! in the street cases and they arc more easily distortod 
in making smears. 

Ilistopathological examinations may be made by the paraffin method 
and stained with Mann's stain. Remove the paraffin with xjlene, then 
pass the sections through absolute, 95, 75 and 50 per cent ethyl alcohol, 
and water, then stain. After staining, wash in water, then through 50, 75, 
95 per cent, and absolute cth> 1 alcohol. Clear in equal parts of xylene and 
oil of cloves, and mount. 

1. Stain3 for Negri Bodies.— Remove a small portion of the hippocampus 
major from the brain and place it on the cut surface of a small cork. Make 
“touch" preparations by touching a slide lightly to the surface of the tissue 
and pressing down lightly until the tissue spreads out. This will lea\e 
a thin film of tissue on the slide. Preparations made in this manner may 
be stained by cither of the following methods: 

Seller's Slain for Xegri Bodies 

Buie fuchsin, saturated solution in absolute mathji alcohol 
Methjlene blue, saturated solution in absolute methj I alcohol 
Methjl alcohol, absolute, acetone-free 

Mix the methylene blue solution and methyl alcohol, then add 2 cc. 
of the basic fuchsin solution. Make a trial stain by flooding “touch" 
preparations with the stain for five seconds; then wash in water, and dry 
in air. Blotting may remove part of the smear. Smears may be immersed 
in the stain in a Coplin jar. 

A properly stained smear should be reddish-violet in the thinner areas, 
shading to purplish-blue in the thicker areas, when viewed by transmitted 
light. Microscopically, chromatin should stain blue, cytoplasm red and 
Negri bodies a very bright red. If a clear-cut differentiation is not obtained, 
add more fuchsin and make another trial. Usually 3 cc. of the fuchsin 
solution are sufficient. 

The mixed stain improves on standing and keeps indefinitely if protected 
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against evaporation. If, because of evaporation, the stain produces too 
intense a red, the addition of absolute methyl alcohol will correct this 
fault. 

Mann't item 

Cc. 

Methyl blue (China blue) 1 per cent aqueous solution 3 5 

Eosin, 1 per cent aqueous solution 3 6 

Distilled water jq q 

The methyl blue and eosin solutions are kept in the. refriiw'**™ .< s 
separate stock ’ . * . 2 

.at one time. A ’ 

The dye requircu w not metnylenc blue, but methyl or China blue. 

“Touch” preparations are fixed in absolute methyl alcohol, washed in 
tap water and stained with the mixture for five to fifteen minutes, washed 
in water, dehydrated by passing rapidly through 50, 75, 95 per cent, and 
absolute ethyl alcohol, and cleared in xylene and cedar oil, equal parts. 
The Negri bodies stain brick red, the ncr\ c cells blue, and red blood cells 
an orange color. 

XIX. Equine Encephalomyelitis. — Equine encephalomyelitis is due to a 
pantropic virus occurring in the brain, lungs, spleen and liver of horses, 
mules, birds and man. It is only present in the blood stream during the 
early stages of the disease. Five distinct types arc recognized, two of which 
occur in the United States, the Eastern and more virulent type, and the 
Western milder type. laboratory diagnosis is based on neutralization and 
complement-fixation tests on blood serum from the suspected patient and 
on guinea pig protection tests with brain suspensions from dead animals. 
For the latter test, the brain should be received in a fresh well-preserved 
state If contaminated with bacteria, it may be emulsified and passed 
through a Bcrhcfeld “V” filter or a Seitz filter using an E.G. pad. 

1. Guinea Pig Protection Test. —The brain material, in a dilution of 
1 to 100, is injected intraccrebrally into three groups of guinea pigs. One 
group should have been immunized against the Western type virus, the 
second group against the Eastern type virus, and the third group should 
be made up of normal animals. If equine encephalomyelitis of the North 
American type is present, all of the guinea pigs except those immunized 
against the specific type should die in three to six days. 

2. Virus Neutralization Test.— The brains removed from. mice moribund 
with the disease are ground with alunduin, adding scrum-hormone brotli 
(pH 7.0) to make a 20 per cent suspension. The suspension is centrifugalized 
at 2500 r p.m. for twenty minutes and the supernatant removed. The 


to be tested. Mixture is brought about by shaking and the tubes placed 
in the incubator at 37° C. for one-half hour. For each serum-virus mixture 
selected four young albino Swiss mice are employed. Tuberculin syringes 
with 2G-gaugc needles are used to inoculate the mice intraccrebrally with 
0.03 cc. amounts of the serum-virus mixtures. Controls are run with 
known positive and negative sera. The mice are observed daily and 
deaths recorded for ten days. 

XX. Virus Abortion in Mares.- (Dimock and Edwards.)— Hus disease 
usually occurs as an epizootic. The marcs usually suffer no apparent 
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physical reaction except abortion. The aborted fetuses are usually bac- 
teriologically negative. Characteristic gross lesions arc small, multiple 
grayish-white areas of degeneration in the liver; hemorrhages in the heart 
spleen and lungs and congestion of the colie lymph glands; and excessive 
amount of fluid in the thoracic cavity. A laboratory diagnosis can be made 
by the demonstration in cut sections stained with hematoicylin-eosin. of 
intranuclear ac.doph.hc inclusion bodies that occur in the parenchymatous 
cells of the liver at the periphery of small areas of degeneration and in the 
respiratory epithelium lining the larger bronchioles of the lungs of aborted 
fetuses. Goodpasture has reported the passage of this virus, with its 
characteristic lesions, by the intrapcritoncal inoculation of one-day-old 
bymn hamsters. 

XXI. Canine Distemper. -The demonstration of inclusion bodies in 
tissue sections and smears provides a rapid method for the diagnosis of 
this wins disease. Specimens should be obtained from an animal that is 
sacrificed in the advanced stages or recently dead from the disease Cotton 
swabs are applied to the epithelium of the bladder and large bronchi and 
rubbed on clean glass slides. The slides are air dried or fixed in absolute 
methyl alcohol for ten minutes before staining. Tissue sections are pre- 
pared by the xylene-paraffin method. Preparations may be stained with 
hematoxylin and eosin. Cy this method the hematoxylin stains the cell 
walls, nuclei, and cytoplasm while the cosin stains the inclusion bodies red. 
The inclusion bodies vary in size, shape and number per cell and are usually 
located in the cytoplasm and at times in the nucleus. The presence of 
cytoplasmic artifacts may lead to error if they stain the same color and 
intensity as inclusion bodies. 

TECHNIC OF THE COMPLEMENT-FIXATION TEST 

Complement-fixation tests for the diagnosis of glanders, trypanosomiasis, 
equine encephalomyelitis and infectious abortion vary only in the specific 
antigens employed. The technic of the complement-fixation test for 
glanders, which is most widely used, is described in detail. 

1 Preparation of AnUgens.-l Glanders Antf E eu.-The growth from 
forty-eight-hour cultures of Mlcomyc* mallei grown on large slants of 
3 per cent glycerol agar of pH 0.8, ,s washed oil with sterile distilled water, 
allowing 6 to 8 cc. per tube, and the suspension heated to 05° C. for one 
hour to insure destruction of the organisms. Phenol is added to 0 5 per 
cent concentration and the suspension shaken mechanically for one hour 
on each of seven days. Meanwhile the antigen must be kept in the 
refrigerator. At die expiration of this period the suspension is placed in 
sterile centrifuge tubes and centnfugalized for one hour at 2000 to 3000 
revolutions per minute, and the clear supernatant fluid, which constitutes 
the stock antigen, is drawn off and stored in sterile amber bottles. The 
residue is discarded. For use a 1 to 10, to I to 20 dilution of the stock 
antigen, depending upon its density, is prepared and titrated 

2 Equine Infectious Abortion Ami e en,-A very satisfactory antigen is 
that prepared according to the method of Kelser. Inoculate 25 to 30 tubes 
of bouillon (pH 76) with a culture of Salmonella abortive, quina and 
incubate them for forty-eight to seventy-two hours. Remove the cultures 
from the incubator and keep them in the dark, at room temperature for 
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a month, or even longer. These old cultures are then heated to from GO 3 
to G5 C. for one-half hour and are then filtered through a Berkefeld “V" 
filter. The filtrate is put into a large-size enamel pan so that the fluid 
spreads out over the bottom of the pan to a very shallow depth. Then, by 
playing a current of air on the fluid, by means of an electric fan operating 
at high speed, the material 13 dried. The dry culture filtrate is then removed 
from the bottom of the pan by use of a safety razor blade held by a suitable 
handle. The collected material is further dried by placing it in a desiccator 
over sulfuric acid. After forty-eight hours the mass will be thoroughly 
dry and can then be pulverized in a dry mortar and put up in homeopathic 
vials. For titration, 150 mg. of the powdered antigen' are dissolved in 
10 cc. of physiological salt solution. The antigenic unit of such dilution is 
usually found to be 0.05 to 0.1 cc. Another, but less satisfactory type of 

”1 aborlivoequina in 
■ne-half hour. The 
* cent phenol. This 

antigen should be titrated from time to time, one part of antigen and two 
parts of physiological saline solution being the usual dilution for titration. 

3. Trypanosomiasis Antigen.— In the preparation of antigens for the 
■ • . . ■ ' surra, lnumna, 

« I ‘ • - In the United 

" ■ ' , „ • . ' • ■ : . trypanosomiasis 

are prepared from T. equiperdum. The trypanosomes are carried in rabbits 
or guinea pigs, which animals survive infection from one to two months 
Wien it is desired to prepare an antigen, a drop of blood from the car 
\eins of such animals is examined microscopically to ;isccrtain if trypano- 
somes arc present in the circulation. At times, these animals apjurcntJy 
will be negative for several days, as the trypanosomes, csjiccially T. cqui - 
pcrJum, make only periodic invasions of the j>criphcnd circulation. 

When such examinations prox c positive, a small quantity of blood con- 
taining trypanosomes is diluted with salt solution and inoculated sul>- 
cutancously into one or two white rats. Usually in three to four days 
the blood of the inoculated rat will be found to contain a large number of 
try'P an05omC;} ' It can then be bled to death, catching the blood in a little 
physiological saline solution containing 1 per cent sodium citrate. This 
latter is then used to infect the desired number of rats for antigen pro- 
duction. 

As a rule, the average inoculation will cause death in the rat in aI>out 
three to four days, therefore it is necessary to examine the blood at about 
tuch e-hour internals after the second day. This may beduneby snipping 
otr 11 small {x>rtion of the tail. When the blood is teeming with trypano- 
somes, the rats should l»c bled to death by severing the blood xrv<ls of 
the neck with a sharp scalpel or razor. The blood is collected in a quantity 
of physiological salt solution containing 1 i*r cent sodium citrate (alxmi 
] t Ml cc. for 12 nits). When all the blu**l has Ixxn collected, the mixture 
is filtered through cheesecloth to remuxr Muall clots, hair, etc.; j*»tmd 
into lu!>cs, ami ct ntrifugalizcd for about thirty minute* at 25t *> rrx elution* 
jkt minute. This sediments the corpus* !rs and try jui»< comes- The 'ujx-r- 
natanl fluid is drawn oil and di'canltd. To the hum i f corpu^lcs intcr- 
tuived with ami overlaid by trypano^/mc*. is added s^lhcicnl d,>ti!!cd 
water (2u() cc. for 12 rats) to produce complete Lrinolyds of the crythns- 
cy tes, a matter of about twenty minutes, »hkh j.rtAtd-ac ;* facilitated by 
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agitation of the mixture in a flask. This is centrifugalized for about one- 
half hour, upon the completion of which there is found at the bottom of 
the tubes a mass of trypanosomes with an admixture of stroma of the 
hcmolyzcd red cells. 

Altec discarding the supernatant fluid (hemoglobin-stained water) 
physiological salt solution is added, and the material vigorously shaken 
until the mass of trypanosomes is disintegrated and evenly distributed 
throughout the solution. Centrifugation is again resorted to with similar 
results, the washed mass of trypanosomes being packed at the bottom of 
the tubes. The salt solution is drawn olf and an amount of preserving 
fluid (equal parts' of physiological salt solution and glycerol) equal to about 
twice the amount of trypanosomes added; the mixture is then agitated 
until a uniform suspension is produced. The antigen is stored at a low* 
temperature, preferably in the freezing chamber of an electric refrigerator, 
until used. It should be titrated from time to time, 1 part of antigen and 
10 parts of physiological salt solution being the usual dilution for titration. 
It will keep approximately two months. 

4. Equine Encephalomyelitis Antigen.— ' The method of Casals and Palacios 
is followed: Infected mouse bruins arc ground in a mortar, diluted with 
physiological salt solution to ten times their volume by weight, and held 
in the icebox for twenty hours. After this time the emulsion is centrifugal- 
ized for thirty minutes at 2500 r.p.ui. The supernatant is removed and 
frozen and thawed five times in a dry tec-alcohol mixture. It is then 
eentrifugalized in an angle centrifuge for one hour at 3500 r p.m.^ The 
supernatant is removed and preserved with mcrtliiolatc in a dilution of 
1 to 10,000. This is the antigen. It is used undiluted in 0.25 cc. amounts 
and retains its antigenic properties for approximately two months. 

II. Preparation of the Hemolytic System.— Hemolytic amboceptor, 
complement and sheep cells are prepared as described in Chapter XII, 
Sero-dia gnosis of Syphilis. 

Complement must be titrated on the same day used. Antigen and ambo- 
ceptor titrations are made following their preparation and remain fairly 
stable. . , 

1 ; . ■ . . ! ■ 1 ’ guinea pig serum diluted to 

5pi , ■ . ■ washed sheep cells, 3 per cent 

sus j_ „ . . ■ ■ 00, set up a series of tubes as 

indicated in the following table. 


TarlS 03 —Trr ration Ststeu for Amboceptor 


Araboetptor 

Tub* No. I- 1000, cc. 

1 10 

0 8 

3 . . . 0 7 

4 .... 00 

5 0 65 

6 • 05 

7 0 40 

8 0 43 

9 . . . 0 33 

10 0 I 

u . . to 

12 . . . . 0 


blcK*? 

Com pit tat Dt cell* S»lt solution 

5vJ.ee. 3VJ.ee. 0.&5VJ. eo. 
10 10 2 0 

1 0 X.O 2.0 

10 10 20 

10 10 20 

10 10 2 0 

10 10 20 

10 10 20 

10 10 20 

10 10 2 0 

10 10 2 0 

0 10 2 0 

10 10 20 


The last two tubes are controls ou amboceptor and complement, and 
neither should show hemolysis. Shake the tubes and place the rack con- 
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taming them in the 37.5° C. incubator or water bath for one hour at the 
end of which time note tlje smallest amount of amboceptor necessary to 
cause complete hemolysis of the red blood cells This amoun* is known 
as the amboceptor unit. For the test, two units are employed, so diluted 
that this amount is contained in 1 cc. The amboceptor is best preserved 
by the addition of an equal amount of neutral glycerol to the serum. This 
is added previous to determining the hemolytic value of the amboceptor. 

2. Titration of Complement.— A rack containing 15 tubes h set up and 
2 cc. of physiological salt solution arc placed in each tube. Then 0.5 cc. 
of the guinea pig serum (complement) are added to a tube containing 12 cc. 
of physiological salt solution, making a 4 per cent solution of complement. 
Of this mixture the following amounts are placed in the 15 test tubes: 
0.3 cc., 0.35 cc., 0.4 cc., 0.45 cc., 0.5 cc., 0.55 cc., 0 G cc., 0 G5 cc., 0.7 cc., 
0.75 cc„ 0.8 cc., 0.85 cc., 0.0 cc., 0.05 cc , and 1 cc. One cc of hemolytic 
amboceptor which has been so diluted with physiological salt solution that 
it represents 2 units is added to each of the 15 tubes and this is followed by 
the addition of I cc. of a 3 per cent suspension of washed red cells of a 
sheep to each of the tubes. The tubes are then incubated at 37.5° C. for 
one-half hour. The smallest amount of complement which causes complete 
hemolysis of the red cells is noted and one and a half times this amount 
is used for the test. The complement is so diluted with physiological salt 
solution that the 1.5 units are contained in 1 cc. 

Example .— If complete hemolysis occurs in the seventh tube containing 
0.0 cc. of the 4 per cent complement, the percentage would be determined 
in the : - i : : cs 0.G equals 2.1 (the unit) 

plus on • . , '. 

In th . jplcmcnt would be prepared 

and 1 cc. employ cd in the test. 

3. Titration of Antigen.— For this purpose a double-row rack containing 
21 test tubes, is set up, with each test tube containing 2 cc. of physiological 
salt solution. After adding positive and negati'e horse sera, the tubes are 
placed in a water bath at 57.5° C. for one-half hour to inactivate the sera. 
Sera used for controls may he presen cd with 0 5 per cent phenol. The 
tubes arc cooled, antigen and complement added as indicated in Table 91 
and then incubated at 37.5° C. for one hour. 


Tadlk 01 —Tit ratios or AsTiotv 


Tub* No.: i 2 

N'f;atUo scrum, cc. .0 2 0 2 
Aniifien, cc. . .0102 

1 1 unit* complement, cc. 10 10 


3 4 S 0 7 S 

Hock Ilw of 

02 O 2 02 02 02 0 2 

03 04 OS 00 OS 10 

10 10 10 10 10 10 


0 2 
1 2 
1 0 


10 II 12 


0 2 0 0 0 0 
0 0 0 3 0 0 
10 10 OO 


l’o4iU> e Krao. cc. - .0 2 0 2 
Antigen, ec. 0 03 0 1 

liumUcompIctQDot.ee. 10 10 


FrotJ of 

0 2 02 02 02 02 0 2 1 ) 2 0 2 

0 13 0 2 0 25 0 3 0 4 0 5 0 0 0 0 

10 10 10 10 10 10 10 10 


0 0 
0 0 
1 0 


0 0 

0 o 

1 0 


The hemolytic svstem is then added, 1 ec. of 3 per cent su-jx-nsiun of sheep 
red blood cells to each tube, and two units of amWpior cmitamoi m 
1 cc. to each tube except the last tu!>c of the front ru«r. i Jus » a nmtrul 
tube on the complement. Tube 12 in the hat k n»w containing no it.jii ple- 
num is a control on the aml>ocrpt«>r only. Tube 11 in the front n»* n a 
control on the hemolytic system only, lul>e 11 in the bark n*» u j uwin 
cm the anlijtai, auif tubes 10 in c.cih nnv .ire cntn'H cm I»>-clccc and 
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negative sera respectively. Of the six control tubes, only the last tube in 
each row should show no hemolysis. 

At the expiration of the second incubation period the titration is read. 
The smallest amount of antigen which has caused complete fixation of 
complement in the presence of positive serum and which has not interfered 
with hemolysis in the presence of negative serum is termed the "unit of 
antigen.” In the application of the test twice the antigenic unit is employed 
provided twice that amount (4 units) does not inhibit hemolysis in the 
presence of negative serum. The 2 units of antigen should be so diluted with 
physiological salt solution that they are included in 0.5 cc. In the case 
of some antigens of wide range, greater amounts of antigen may be em- 
ployed. 

III. Technic of the Test.— 1. Apparatus.— For the test, double-row 
metal racks capable of holding 24 tubes are employed. Six tubes are placed 
in the back row of the rack leaving an empty space between each tube- 
In the front row a tube is p/aced in each of the 12 holes. One rack is used 
for every 0 specimens of serum; the 6 tubes in the back row serve as serum 
controls and each contains 0.2 cc. of the particular serum, while in the 
front row 2 tubes are used for each specimen, one containing 0.2 cc. and 
the other 0.1 cc. of the serum under test. 

2. Procedure.— Place 2 cc. of physiological salt'solution in each of the 
tubes, then add the serum. Sera from horses, bovines and guinea pigs are 
inactivated in the water bath at 57.5° C. for thirty minutes, while sera 
from mules and rabbits are inactivated at 62° C. for forty minutes. 

After inactivation allow the tubes to cool, then add the proper amount 
of antigen to each tube in the front row of the rack, omitting it in the 
tubes in the back row (serum controls). 

To each tube add 1 cc. of complement which is so diluted with physio- 
logical salt solution that it contains 1.5 units. 

Incubate at 37.5° C. for one hour; then add the hemolytic amboceptor, 
which has been so diluted with physiological salt solution that the two 
units are contained in 1 cc. and finally 1 cc. of a 3 per cent suspension of 
washed blood cells from the same suspension employed in the complement 
titration. 

Incubate at 37.5° C. for one hour, then read the test. 

3. Reading and Interpreting the Results of the Test.— In recording the 
results of the test the following terms are used: Where there is complete 
fixation of complement, results are indicated by 4 plus sign (++++). 
Positive cases give complete fixation in 0.2 cc. of serum and in the large 
percentage of cases in 0.1 cc. In incomplete fixation, the degree is noted 
as follows: 75 per cent fixation: 3 plus sign (+++); 50 per cent fixation: 

2 plus sign (++); 25 per cent fixation: 1 plus sign (+). Where there is 
50 per cent or more fixation the case is considered suspicious. Less fixation 
than this is considered slightly suspicious or negative depending on how 
well the control tubes have cleared up, and whether disease is known to be 
present in a locality. Complete hemolysis is negative. 

Should hemolysis fail to occur in both antigen and serum control tubes, 
the serum is termed anti-complementary and fresh specimens will be 
required. 

The following controls are carried out with the test: Antigen control, 
positive serum control, negative serum control, and the complete hemolytic 
system. 


PART XI 

Statistical Methods 

By Paul R. Hawley 

This section is designed for the laboratory worker, interested in fields 
other than mathematics, who occasionally requires tools of this nature in 
the analysis of his experimental data. Insofar as practicable, the formulas 
have been expressed in arithmetic, rather than algebraic, form so that a 
working knowledge of ordinary arithmetic is all that is required to follow 
these procedures. Even the usual symbolism of biostatistics has been 
altered where my experience has shown it to be confusing to the average 
student. 

These pages pretend to be nothing more than a guide to the practical 
application of a few simple statistical procedures. The reader who is 
interested in statistical theory, is referred to the works of Pearl, Elder ton, 
Yule, King, el al., which have been freely consulted in the preparation of 
the following chapters. 

I am deeply indebted to my old friend and preceptor, Dr. Lowell J. 
Reed, for advice upon several points that have arisen in compiling this 
section. 


CHAPTER XLIV 
RATES AND RATIOS 


RATES 


Most rates are probabilities in retrospect. The basic general formula 
for all rates is 


Number experiencing a specific event 

Rate =■ Number that might have experienced the specific event 
If the numerator of the above be designated by the symbol /, and the 
denominator by n, we have 


R 


It is customary, in vital statistics, to express rates in terms of occurrences 
per 1,000, per 10,000, per 100,000, or in general, per K of those exposed 
to the occurrence of the event. The general formula then becomes 


which is to say that there are R occurrences of / per A of n. 

In vital statistics n is the entire population or some specified part thereof. 
When n is the entire population, and / the number of events in the entire 
population, the rates so derived are known as 
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Crude Rates.— 

Crude death-rate » 
Crude morbidity-rate = 
Crude birth-rate =* 


K X numb er of deaths 
population 

K X number of cases of disease 
population 

K_X number of births 
population 


Since vital rates measure vital forces— force of mortality, force of mor- 
bidity, force of natality, etc.— the measurement is necessarily “crude" 
unless n be a homogeneous group of which all the individuals are more or 
less equally exposed to the risk of experiencing the specified event The 
force of mortality from puerperal eclampsia, for example, is very poorly 
measured by a rate wherein n is the entire population. The only indi- 
viduals at all exposed to the ri ’ 
gravid females. To a lesser degr 
death-rate from all causes. All 

risk of dying within a specified time. Age, sex, race, occupation, etc., all 
influence the risk of dying. 

The significance of the measurement of vital forces is increased by 
means of 

Specific Rates.— In specific rates, both f and n are defined and limited 
as to specified attributes, e. g., age, sex, color, race, occupation, marital 
status, etc., or any combination thereof; and R b designated an age- 
specific rate, an age-sex-specific rate, a sex-color-spccific rate, etc., as the 
case may be. These rates are computed by the general formula, except 
that / and ft include only specified individuals. For example, the specific 
death-rate for males, aged forty years, is 

, _ K X death s in males, aged fort y 

Death-raU?n>^» — n urnber ofmales, aged forty years, in population 


Since certain attributes of populations exert great influence upon the 
force of mortality, a comparison of the force of mortality in two or more 
groups— cities, for example— through the medium of crude death-rates 
will obviously be misleading when the se\eral populations are unequally 
distributed as to age, sex, color, etc. Take, as examples, Baltimore, Md., 
with a slow-growing population that includes a high proportion of colored; 
Detroit, Mich-, a rapidly growing industrial city with a high proportion 
of young adult males; and Los Angeles, Calif., another city of rapid growth 
but whose population includes an unusual proportion of retired, elderly 
people attracted by the equable climate. Elderly people are exposed to the 
risk of dying to a greater degree than joung adults, even in an optimum 
climate, and negroes experience, at most ages, higher mortality than 
whites. If the force of mortality in Los Angeles were exactly that in 
Detroit, the crude death-rate of the former would be appreciably higher 
because of its larger proportion of aged; and the crude death-rate of 
Baltimore is increased by its large colored population. 

The significance of comparisons of the force of mortality in two or more 
populations b increased in proportion to the specificity of the rates used; 
but it b apparent from Table 96 that such comparisons would be difficult 
of expression when a number of specific rates are necessary. However, 
this difficulty b overcome by means of: 
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Corrected Death-rates. —A corrected death-rate is a hypothetical (crude) 
rate that would obtain if the same force of mortality were exerted in a 
population of selected distribution with regard to specified attributes. 
Death-rates may be corrected for age, sex, race, etc., just as specific rates 
may be computed for any attribute or combination of attributes of popula- 
tion. Corrected death-rates are derived by applying the specific death- 
rates of the populations in question to a standard population; from the 
summation of the hypothetical deaths thus obtained, a crude rate is com- 
puted for the standard population; and this crude rate for the standard 
population is the corrected rate for the population in question. 


Table 95 — Population and Deaths, bv Ages and Color, Focr 
American Cities, 1920 


Detroit 


10-19 
20-39 
40-59 
60-79 
80 and o' 


. 12,3*4 
48 097 
1 56,423 
107,776 
i 219,641 
131,472 
45.601 
3,126 


1,608 1.489, 
6.407 407 

8 069 162 

15.954 267 ' 

47 649 1.341, 
23 433 1.921 
4.821 2,532 l 
354 572 


472, 21,873 
185 1 87,930 
39 86.014 

116 134,194 
655 416 115 
700 I 162 897 
358 1 39.833 
49 2,630 


2,951 ' 
2,197 
2,100 


620,020 | 103,295 8.781 2,574 951,316 41,602 12,859 1,040 


10-19 
20-39 
40-59 
60-79 
80 and o\f 


-I 6,784 
1 28,128 
37.652 
72.051 
201,755 
I 143,800 
52,413 
4,003 I 


2 453 
1 ,’J'O 
3,130 
13.307 
5,948 : 


4.831 
19.733 
26 091 
53 4 61 
103. >06 l 
53.330 
17,878 
1,370 


1,596 
6.224 
SS13 
18,325 
41.761 I 
19,628 | 
4,054 
510 


1546.584 1 23,695 7.735 539 235,500 100,944 1 4.130 2,687 


Table 95 gives the population and the deaths, by age and color, for 
Baltimore, Detroit, Los Angeles and New Orleans for the year 1920. The 
crude dea th-rates per thousand are: 


For Baltimore 1 

Crude death-rate = 

1,000 X 11,355 
733,315 " 

15.48 

For Detroit: 

Crude death-rate *■ 

1,000 X 13,090 
' yogis' " 

13 80 

For Los Angeles: 

Crude death-rate = 

1,000 X 8.274 
" 575,279 

14 38 

For New Orleans : 

Crude death-rate »» 

L000 X 6,567 
350,444 

17 77 


The age ami color specific death-rates are gi'en in lable 90. 
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Table 00. — Aaa and Color Specific Death-rates from Data in 
Table 95 


| Baltimore Detroit j Boa Angeles New Orleans 



White ' 

Colored ; 

White 

Colored 

White j 

Colored I 

White 

| Colored 

Under 1 , 

115 57 f 

293 53 | 

126 151253 78; 109 23 1 

116 34 

90 04 

[219 30 

1-4 

10 331 

28 87 

13 43 ' 

40.13 

11 03, 

10 31 

8 46 

1 16 87 

5-9 

2.87 

4 83 

5 09 

8 18 

4 36 

5 50 

3.10 

5 20 

10-19 1 

! 2 48 

7 27 

3 96 

10 72 

3 90 

6 71 

3 22 

9 50 

20-39 | 

6 111 

13 75 

7 09 1 

18 58 

6 CO, 

11 SO 

7.63 1 

19 82 

40-59 

14 61 1 

29 87 

13 49 

32 27 

12 79 

23 71 

18 46 

37 85 

60-79 | 

: 55 53 

74 26 

52 72 

84 87 

46 19 

65 56 

66.671 

89 51 

80-o\er | 

182 98 

138 42 

200 38 

170 21 

161 63 

178 OS 

192 70 

166 86 

all ages* | 

14 05 1 

23 77 

13 31 

25 00 1 

14 15 

18 78 

14 61 

26 62 


• Specific for color only 


The standard population may be any one of the four populations of 
Table 95, the population of the 17. S. Registration Area by age and color, 
or any other actual or assumed population distribution. The important 
thing is that the specific rates of all the populations to be compared be 
applied to the same standard population. However, labor is saved by 
selecting one of the populations in question as the standard. 

Selecting Baltimore as the standard, the age and color specific rates 
for the three other cities are applied to the Baltimore population and the 
hypothetical numbers of deaths that would have occurred, had these rates 
obtained in Baltimore, are set down in Table 97. From the totals of these 
hypothetical deaths are derived rates with the total population of Baltimore 
as the denominator of the fraction, thus— 

For Detroit 

Corrected death-rate,. = - = ,0 85 

For Los Angeles 1 

r- i~t j *1 1.000 X 10,283 

Corrected death-rate,,, = 733315 = 14 03 

For New Orleans: 

Corrected death-rate.. = 1|Q °° 3 j < 3 j~’ S08 „ 17.47 

and, of course, for Baltimore, the corrected rate is the same as the crude 
rate since the population of Baltimore was used as the standard. The 
relative position of Detroit is changed by correction of tile death-rates for 
age and color. It is apparent that the corrected death-rates will vary 
according to the standard population used and that they are significant 
only as comparative figures in the designated comparison. 

Standardized Death-rates.— A standardized death-rate is a hypothetical 
(crude) rate derived by applying the specific death-rates of the U. S. 
Registration Area (or any other arbitrarily selected population) to a given 
population and computing the general rate from the summation of the 
hypothetical deaths. The procedure is similar to the computation of 
corrected death-rates except that the specific rates are those of the standard 
population and the population is the actual population for which the 
standardized rate is to be derived. 
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Table 97. — Number op Deaths That Would Have Occurred in 
Baltimore Had the Age and Color Specific Rates of Three Otheb 
Cities Obtained 


Age-color specific rates of 


A«. 

' Detroit 

Los Angeles 

New 

Orleans 

Wluie 

Colored 

White 

Colored 

White 

Colored 

Under I 

1,625 

40S 

1.407 

187 

1,160 

353 

1-4 

646 

257 

530 

104 

407 

10S 

5-9 

287 

66 

246 

44 

175 

42 

10-19 

427 

171 

420 

107 

347 

152 

20-39 

1,557 

S35 

1,450 

5G2 

1,676 

944 

40-59 

1,774 

756 

1,682 

550 , 

2,427 

887 

00-79 

2,404 

409 i 

2,106 | 

316 

3,040 

432 

SO and ov er 

626 

60 

505 

63 

602 

56 

Sub* total 

9,346 

3,012 

8,346 

1.939 

9,834 

2,974 


Total 12,358 10,285 12,808 


Probable Error of Rates.— The probable error of / (the expected number 
of occurrences) is 


PE/ •=• 0 07449 X y/n X P X q 

where n is the number of trials, p the probability that the event will, and 
q the probability that the event will not, happen as specified. But, in this 
case, 

P 4- q - 1.0 


In rates per K, 

p + q = A' 

Q = A - P 

and the probable error of the rate becomes 

y/n X PxQ 


PER = 0 67449 X 


But, 


Hence, 


Vn _L 
T " V„" 




In the specific example of the crude death-rate for Baltimore for the 
year 1920, we ha\c 

PER - 0 07449' X \/0 020*828417 

- 0 07440 X 014416 

- 0 097 

and the crude death-rate is expressed tiius: 

CR BslUroore. IPSO “ 15 <8 * 0X97 
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Where the rate is small, a more accurate approximation of the probabli 
error will be had from the following formula: 

PE R' - 0 67449 X K x ^ 

Applying this formula to the crude death-rate of Baltimore, we have 
per- = 


0.67449 X 1,000 X - 

106.56 
674.49 X yggajs 
0.098 


In this particular instance, both formulas give approximately the same 
result. As R decreases in size, the advantages of die latter formula increase. 

Infant Mortality-rate.— The infant mortality-rate is derived by the 
general formula wherein / is the number of deadis under one year of age 
and n is the number of living births during the same period. 

Case Fatality-rate.— The case fatality-rate is the proportion of deaths 
from a disease to the number of cases of the disease. Thus,/ = the number 
of deaths and n = die number of cases. This rate usually being expressed 
as a per cent, K = 100, unless otherwise specified. 

If, of 69 cases of lobar pneumonia, 23 died, die 

„ , 100 X 23 

Case Fatality-rate * gg 

* 43.33 (per cent) 

The probable error would be 

PEt/r «= 0 67149 X 

- 3 S3 

In mortality-rates, die exposed to risk group includes all those exposed 
to the risk of contracting the disease; whereas, in case fatality-rates, the 
exposed to risk group includes only those who have already contracted the 
disease. 

BATES USED IN THE MILITARY SERVICES 

Admission Rates.— The force of morbidity is expressed in the military 
services in terms of admissions (to sick report)per 1,000 per annum. Regard- 
less of the duration of the experience, the rate assumes it to have been 
one year (per annum). The rate states, in plain language, diat, had the 
admissions from the specified cause or causes continued at the same level 
for one year, there would have been At admissions in each 1,000 (K) of 
mean, or average, strength of command. 

The general formula for all rates, set down at the beginning of this 
chapter, is modified only by the introduction of the factor of time. The 
Formula for the admission-rate becomes 



Ar 


Ar 


K Xf XT 
n X t 

1,000 XfXT 
n X t 
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where T = the theoretical duration of the experience ( = 
and t = the actual duration of the experience 


one year) 


It is, of course, essential that T and t be expressed in the same units of 
time— months, weeks or days. T will always be either 12, 52 or 36,5, 
depending upon whether t is expressed as months, weeks or days, respec- 
tively. 

For example, in a command with a mean strength of 3,467, there were 
254 admissions to sick report from all causes during the month of February. 
The admission rate for the month of February is 

1.000 X 25 4 X 12 

Ar “ 3.467 X 1 

3.048.000 
" 3,467 

- 879 1 

which is to say that the admission-rate from all causes for the month of 
February was 879.1 per 1,000 per annum. 

Another example: From February 1 to February 14, inclusive, in the 
same command there were 131 admissions. The admission rate per 1,000 
per annum for the first two weeks of February would be 

1 .000 X 131 X 52 

Ar = 3.467' X“ 2 

6.812.000 
6,934 


Since the admission-rate may, and frequently does, exceed 1,000 per 
1,000 per annum, it is apparent that it is not a probability of occurrence 
but is rather an average of occurrences. The probable error of the admis- 
sion-rate is, therefore, derived by the same process as shown in the second 
example under Probable Error of Rates, above. It is 


067449 X K X T X 


x X t 


Applying this to the second example of an admission-rate, we have 

vUL 


0 67449 X 1.000 X 52 X 
1 1.445522 
6,934' 


- 674 49 X 53 X 

- 57.S9 


Non-effective Rates.— Loss of time from disease and injury is measured, 
in tile military services, by non-cffcctive rates. The same general principles 
apply: The non-cffcctive rate is the ratio of dajs lost from disease or 
injury to the total number of days that could have been lost had every 
man been incapacitated every day % It is expressed in terms of 1,000 mean 
strength ( per K), and the formula is 

1,000 X d*y» lost 
•*** ” n X dv* of expenenr « 
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particular distribution. This is to say that great difficulties are encountered 
when such irregular intenals as 0 to 4, 5 to 8, 9 to 17, IS to 21, 25 to 33, 
etc., are used. Occasionally data are available only in such form and the 
statistician, like any other workman, must make the best of the material 


The mid-jyoint of a class interval is that point on the abscissa that lies 
equidistant from the two limits of the interval. The mid-point is occa- 
sionally referred to as the class marl:. The beginner sometimes forgets 
that intervals arc designated by inclusive numbers, and may place the 
raid-points in wrong positions. For example, the age interval of five to 
nine years is one of five years, and the mid-point is at 7.5; and the interval 
of 0 to 2 is one of three years, with the mid-point at 1.5 years. _ 

ANALYSIS OF FREQUENCY DISTRIBUTIONS 

There arc several characteristics of every distribution that sene to 
identify it just as height, weight, girth and posture arc characteristics that 
identify a man and distinguish him from other men. There are many men 
of equal height, of equal weight, or having the same chest measurements, 
etc.; but there are very few men all of whose measurements are identical 
with the measurements of another man. This is the basis of the Bertillon 
system of identification. 

And so it is with frequency distributions. Two distributions may have 
certain characteristics in common; but rarely do two distributions have 
all their distinguishing characteristics each like the other unless they be 
both representative samples of the same variable. In this manner do we 
contrast and compare variable phenomena. 

For expositions of the theories upon which the steps in the analysis of 
frequency distributions are based, the student may consult any standard 
text upon statistical methods. The steps, themselves, are given below. 

Moments About the Arbitrary Axis.— The first step in the location of the 
mean is the selection of an arbitrary axis as a point of departure for further 
calculations. This point may be located, at will, any place within or 
without the range of variation. It is a point of trial, arbitrarily selected, 
of the rotational characteristics of the distribution. 

In the example given in Table 98, the point selected is at 163.5. This 
is just outside the range of the data. Examples of the computations when 
the point selected is within the range of the data are given in Chapter 
XLVL 

The distance of the arbitrary axis from the mid-points of each of the 
class intervals is then determined by algebraic subtraction. It is obvious 
that, if the arbitrary axis be placed at any point on the abscissa of greater 
numerical value than one or more of the mid-points, some of the values of 
X will be negative. This does not alter the principles in the least and the 
computations are the same, having regard for the sign of X. 

It usually simplifies computations to substitute smaller numbers, with 
the same relationships, for the values of X. In the example given, the true 
value of Xi8s.s is, of course, 188.5 — 163.5 = 25. But the powers of 25 run 
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into large figures, to say nothing of the powers of 463.5 — 163.5 = 300. 
These so-called working units may be converted into actual units after 
the computations are made. 


Table 98. — Fbeqoexct Distribution or Bodt-weiqhts of Healtht 
Indian Pigeons* 


Class intervals 
Weight in grams 

; M«d- 
1 pomts 

Work 

fre- 

quencies 

Z 

Variate frequencies multiplied by 

Zx ' Zt> 2z> Zz* 

151-175 . . 1 

i 163 

5 

' 0 1 

0 

0 

0 

1 0 


176-200 

; 188 

5 

1 

3 

3 

3 

3 

3 

201-225 . . 

213 

5 


25 | 

50 

100 

, 200 

400 

226-250 

238 

5 

3 1 

45 1 

135 

405 

) 1.215, 

3,645 

251-275 

263 

5 i 

4 1 

60 

240 1 

900 

1 3,840 | 

15.360 

276-300 

288 

5 

5 

81 

420 

2,100 

, 10,500 j 

52,500 

301-325 

313 

5 

6 

76 . 

456 

2,736 

! 16.416 1 

98.196 

326-350 . 1 

338 

6 I 

7 1 

42 

294 

2,058 1 

14,406 [ 

100,842 

351-375 . 1 

363 

5 

8 

41 

328 

2,624 

20,992 | 

167,936 

376-400 

388 

5 ' 

9 

16 

144 

1,296 

11.C64 

101,976 

401-425 . | 

413 

5 I 

10 

2 1 

20 

200 , 

2,000 i 

20.000 

426-450 

438 

5 ' 

11 

3 , 

33 1 

363 

3,993 

43.923 

451-475 1 

463 

5 1 

12 

1 

12 

144 1 

1,728 1 

20,736 

2 (the sum of) 




398 |. 

2.135 1 

12,089 | 

80,957 | 628,817 


• Data from MoCamson and Sundarajan Ben-ben Columbarum, 
Calcutta, Thacker, Spink Co , 1928. 


First moment: Pi 

Second moment Fj 

Third moment: V% 

Fourth moment: v, 


S Zx 2U35 

ZZ ** 398 

ZZx' 12.989 

ZZ “ 398 

SZi> 86.957 

ZZ ” 398 

ZZx* 628,817 

ZZ " 398 


5 36432 
32 6357 
218.485 
1,579 91 


Moments About the Mean:* 


Fust moment <Si 
Second moment: 4>i 

Third moment: <£» 

Fourth moment: <fn 


0 

FI — Vl‘ 

32 6357 - 28 77593 
3 85977 

FI — 3fiFj + 2n» 

218 485 - 525—0502 + 303 7265S 
2 00656 

n — 4 f,fi + CfiVi — 

1,579.94 - 4.6SS0938 + 5,634.7357 - 2.484.1622 
42.4197 


Corrected Moments About the Mean.— The grouping of variate frequencies 
into the several class intervals introduces error in the moments about the 
mean through the assumption that all the frequencies arc located at the 
respective mid-points. This error is corrected by Sheppard's corrections, 
which arc applicable when there is high contact at both ends of the dis- 


♦ The usual symbolism lias been alasndoncd *o that, for the casual student, r may al«-a>j 
mean 3 1416, 
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tribution— i. e., wiien the frequencies tend to tail off regularly, on a curve 
asymptotic to zero. 

First moment: pi = fa ^ 0 

Second moment: pi = fa — 

= 3S5977 - 0 08333 
- 3 77644 

fa ** 2 00656 


Third moment: pi = 91 » ^ uinwv 
Fourth moment. p\ = fa — {fa + il$ 

= 42 4197 - 1 9299 + 0 0292 


40.5190 

The Betas.— There are two functions of the moments about the mean 
that simplify computations in the measurement of skewness, to follow. 


4.02628 
53 8577 
0 074758 


40519 
“ 14.2615 

- 2.84115 

The Standard Deviation. —The standard deviation is the measure of 
scatter or dispersion of the variate frequencies 

a = s/mI 
= \/3J7C-44 

— 1.94331 (m working units) 

But each working unit represents 25 grams of weight, so that, in terms of 
variation in weight, 

* « 25 X 1 94331 

*■ 48 58275 (in grams of weight) 

Probable Error of the Standard Deviation. 

0 67449^ 

PE. = 

\/2 N 

Where AT = number of van ate frequencies: 

0 67449 X 48.58275 
\/2~X 398 


PE, = 


3 2.76858 
28.21347 
- 1 16145 


The Mean.— Since, by its very nature, the first moment about the mean 
must equal zero, the arbitrary axis is removed from the mean by the dis- 
tance represented by the first moment about the arbitrary axis (vi). 


5.: 


Ileoce. The Mean 


(in working units) 
5.36432 X 25 
134 108 (in grams of weight) 
163 5 + 134.108 
297.603 
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Probable Error of the Mean. 

PE„,„ . 

Vn 

0 6 7449 X 48 58275 
\/398 
32 76858 
19.94994 
- 1.643 

which is to say that the mean weight of the 398 pigeons was 297.G *= I.G4 
grams. 

The Median. —The median is that point on the abscissa on either side 
of which lie one-half the total frequencies. 

There are 398 frequencies in this distribution. On either side of tiie 
median must lie exactly 199 frequencies. Starting the count at the lower 
end of the range, there are in the several class intervals 
3 + 25 + 45 + 60 - 133 

frequencies in class intervals 1 to 4, inclusive. There are 84 frequencies 
in interval number 5, so that frequency number 199 lies somewhere within 
the fifth class interval (276 to 300). But, we only want to go into the fifth 
class interval 199 — 133, or 66 frequencies to the median. The theory of 
frequency distributions assumes frequencies to be equally distributed 


25 gm. of weight. So, 

Median - 276 + (66/84 X 25) 

- 276 + 19 64 

- 295 64 (grams of weight) 

Probable Error of Median. 

Phmcilita n 1 25332 X PCtaesn 

- 1.25332 X 1643 

- 2 059 

and the median is 295.6 ^ 2.06 grams. 

The Mode.— The mode is the point (on the abscissa) of maximum fre- 
quency of occurrence, t. e., the fashion, the custom. In strictly normal dis- 
tributions, the mode must coincide with the mean and the median. When 
the mode lies to one side or the other of the mean by a significant distance, 
the distribution is said to be skew. 

Skewness.— Skewness is asymmetry of distribution, t. c., where the slope 
of the plot of the distribution is steeper on one end of the range than on 
tlie other 

Let d m Moan — Mode 
and d •• x X * 

3 

Whence, x ** - 
a 

X (chi) is the mathematical measure of skewness and, in terms of moments, 
vgT x (ft + 3) 

* ** 2 x (!ft - «| - ») 
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x/O 07175S X 5 &4I15 
“ 2 X (14.20575 - 0.448518 - 9) 

0.273119 X 5 8411 5 
“ 2 X 4.757202 

1.597081 
“ 9 514401 
= 0.1 67859 
Now, d = x X 9 

= 0.167859 X 48.58275 
.« 8.155 

and. Mode = Mean — d 

« 297 603 - 8.155 
= 2S9453 

Obviously, the sign of d will determine the direction of the location of 
the mode with respect to the mean, and the sign of d depends upon the 
sign of x- 

X is the mathematical measure of skewness and the distribution is said 
to be positively skew (or, in everyday language, skew to the right) when 
X is positive and negatively skew (skew to the left) when x is negative. 

Probable Error of the Mode.— Since the mode is located with respect to 
the mean by means of d, the probable error of the mode is the probable 
error of d. 

PE d - 0.67449 x yj^rx » 

- 0.67449 X yjf fg X 48.58275 

- 0.67419 X 0.06139 X 48 5S275 

- 2.012 

and the mode is 259.5 **» 2.01. 

The Coefficient of Variation. — The standard deviation is a measure of 
spread in terms of concrete units— grams of weight, inches of stature, etc. 
'Hie coefficient of variation is a measure of dispersion in terms of proportion 
to the mean. 


100 X 48,58 275 
~ 297.603 
- 16.321 

Probable Error of the Coefficient of Variation. 

PKV - ««»X^x[. + [ = X (££}']]* 

- -mn]' 

" 0 67419 X 28213 X \A + OXO 02665) 

“ 0 67419 X 0 57860 X y/u&U 

- 0 67449 X 0 57860 X 10263 
= 0101 

and the coefficient of variation is 16.324 * 0.401. 



CHAPTER XL VI 
CORRELATION 

With proper reservations regarding those coincidental relationships that 
are occasionally encountered, correlation is the term used by statisticians 

two, or more, series or 
. Elderton says: “We 
u u , at the older a bachelor 

the less likely he is to marry and have children, that a man marrying late 
in life usually takes a wife who is older than the wife of a man marrying 
early, ... all these statements express in different words the fact 
that there is some causal relationship, or correlation, between the height 
of a man and the length of his legs (and) between the ages of husband and 
W’ife. The statements are, however, in general terms; they do not help 
us to decide whether one relationship is closer than another; they do not 
supply any scale of correlation." 

When two tilings increase together, as the ages (at marriage) of husband 
and wife, the correlation is positive. But, when one thing increases as the 
other decreases, as the age of bachelors at marriage and the number of 
children born from the marriage, the correlation is negative. 

The Measurement of Correlation.— For reasons that do not concern us in 
a practical manual of procedure, correlation is measured by a scale that 
starts at 0, where there is no correlation, and ends at 1, where there is 
perfect correlation. With perfect positive correlation, r = -f 1 ; with perfect 
negative correlation, r = — 1. 

SIMPLE CORRELATION 

The relationship between two variables is determined by simple cor- 
relation. In Tabic 90, is set up, in a correlation table, two frequency 
distributions, viz., (1) the body weight of 398 of the Indian pigeons (the 
same as Table 98) and (2) the heart-weight of these same pigeons. The 
question is: Is there any relationship between the body-weight and heart- 
weight in healthy Indian pigeons? 

The preliminary computations necessary' fur the calculation of the 
coefficient of correlation are made a part of the table. In column 1 are 
placed the total frequencies in the distribution u f Ixxly-w eight, and in line 7 
are the corresponding totals in the distribution of heart-weight. _ The 
arbitrary axis of the body-weight distribution was placed at 2^8 3 gin. 
(the mid-|x>int of the 270 to 300 class), and working units of 25 gm. each, 
in each direction from this arbitrary axis, are recorded in column 2. 'Hie 
corresponding computations for the heart-weight distribution are recon h-d 
in line 8. where the arbitrary axis was placed at 3.125 gin. (the mid-jxiint 
of die 3.00 to 3.21 class interval). In column 3, the frequuuies of each 
. by the 

wii the 

. -weight 

sev rral 

frequencies multiplied by the squares «f the rev jxxrtivc deviations. 
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In column 5 is recorded the sum of the deviations of heart-weight from 
the arbitrary axis of heart-weight by deviations from the arbitrary axis of 
body-weight. For example, 

(2 X -5) + (1 X -3) - -13 

(3 X -5) + (9 X -4) + (2 X -3) + (7 X -2) + (4 X -1) = -75, etc. 

In column 6, the values in column 5 have been multiplied by the cor- 
responding values in column 2. 

There are two important checks of the correctness of the arithmetic 
thus far: (a) Column 1 and line 7 must have the same total; (6) the sum 
of column 5 must equal the sum of line 9. 
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Moments About the Arbitrary Axes: 

2(Zxz) -31 

VlX " ZZ X “ 398 

2(2***) 2.0S3 

V ' X ” 2Z* “ 393 

W5 

,J/ " ZZ V " 398 

, SfZygg 1,589 

V,1/ = 2Z„ “ 398 


— 0 077SS9 
5 233CGS 
0 361322 
3 992462 


Moments About the Means: 

4>tx » Viz - VuA « 5 233068 - (-0 077SS9)* 
= 5227C01 


4> tu m y tv _ v lu » - 3.9924 62 - (0 364322)* 
= 3 859731 


If meticulous precision is desired, Sheppard's corrections may be applied 
to the second moments about the means. It will be very rare that this 
refinement will significantly affect the final result. In this case, correcting 
the second moments, r =* 0.730. The difference is well within one probable 
error. We shall not bother with the corrections. 

The Standard Deviation: 

ax - V''*** - \/5 227601 - 2 280395 

a u - “ V^. 859731 - 1 901620 

The Coefficient of Correlation: 

, . [«y* - x ,„> | x 

- [S 0 -'- 00 "^ x a3 “H x .-.wo X >•» 

1 

— (3,190955 + OOiMn) X 4^015,97 


- 3 219332 + 4 491897 


~ 0 71 0093 


Probable Error of Correlation Coefficit lit . — I he significance of r is toted 
from two point* of \icw, ri=., («) Is tlic correlation significant; i. e., is r 
significantly cliffcrent from 0? ( b ) Is r„ significantly different from r a ; 
». is tlic correlation between x and y significantly different from tlic 
correlation Ik tween two other variables <i and 6? 

When tested against zero, 

0G7419 OC74 19 

■ y/X " V5K 


0 07449 
“ 19VI99 


a on 


When tested against another coefficient <»f correlation. 
007119 


n-.r - , - (t - *•; 

v-> 


- oaav9 ,• (i - arjGo^ •) 

- Oiuvi A it — 0-5! 


~ 0lC35*O> .* 0 1S0.11* 

- a,oi« 
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The probable error of r, when determined by the foregoing formulas, 
is relatively accurate only when N is 25, or more. For smaller values of N, 
these formulas will be found to be unreliable. 

LINEAR REGRESSION 

The coefficient of correlation (r) is reliable only when regression is linear. 
What, then, is linear regression? 

In Table 99, let us find the means of the arrays of body-weight by class 
intervals of heart-weight; thus:— 

175 - 199 array: 2 X 1S8.5 - 377.0 
3 X 2135 = 6405 

1 X 238 5 - 238 5 

2 X 2635 - 527.0 

8 8)1,783 0 

222 9 

and so on for each of the arrays. Now, we shall follow a similar process 
for each of the arrays of heart-weight by class intervals of body- weight. 
These means are plotted in Figure 102, the crosses being the means of the 
body-weight and the circles the means of the heart-weight arrays. 
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Fio. 102 — Means of arrays of hesrt-weight and of body-weight. 


We mean, by regression, _ the change in the values of one variable as 
the values of the other variable increase or decrease. If this relationship 
between the values of the variable is one of arithmetic progression — that 





LINEAR REGRESSION 


is to say, if these values plot in a straight line— then the regression j» 
linear. 1 

It is apparent at a glance that, in Figure 102, the regression of body- 
neight upon heart-weight is linear. The same is true of the regression of 
heart-weight upon body-weight, although perhaps not so apparent to the 
beginner. The irregularities occur in the small tail arrays where the prob- 
able errors of the mean values are very great. 

Now, if a straight line (y = bx) were fitted to the crosses of the mean 
body-weight values, we would find that 

b = 14 48 

which is to say that there was a variation of 14.48 gm. of body-weight 
for each 0.25 gm. of heart-weight. But, a straight line fitted in this fashion 
docs not take into consideration the relative weights of the observed 
points— -it gives the same weight to point 3G3.5, which is determined by 
only one observation, as to point 282.7, which is the mean of 73 obscrui- 
tions. 

_ So, regression lines are fitted by a formula which docs take into con- 
sideration the weights of the observations. 

The regression coefficient for heart-weight upon body-weight is: 

fx 

bt - TX 1 , y-Ty 

2.2SC395 

- O71CC0S X ujgjfco 

- 0.71 CCDS X 1.163785 

- 0 SS40s2 

and the regression coefficient for bodj -weight upon heart-weight is: 

by — 

1.9C4&IO 

- 0 7 1 COOS X 2JJ563JJ 

- oeiissi 

Xow, these regression coefficient* arc in terms of working units since 
the as were in those terms. For heart-weight upon bod>-woght, to get 
tlicui in terms of grams of weight, we must multiply by 0.25, the range of 
the class interval. So, 

0-M10S2 x 0—5 - 0.2W 

winch is to fay that there was, for even* increase of l»o*lv-wcight of 25 gm., 
an increase in heart-weight of 0.200 gm. 

In the case of ixuly-w eight, 

0 615-04 X Si - 15-31*1 

which is to say that, fur every increase of heart-weight of 0.25 gui., there 
wav an increase oflnxlN -weight of 15-390 gm. If thccomlation »erej>crfc<-t 
(r « 1.00), the-c two results would l>e the same. Compare this projicrly 
weighted result witii tlic slojx* of the line fitted to the unweighted ol»**na- 

* |\,f • r>( »r^'r*»-.a. '.Mr c-t tint 

11.* t **4<r U fUttwi to IWl. Melrf*! IlkjfiMirr ol M «.J. t tri.A.* «.l 

l«44kt-a. \V U.MULJ«iGM*i>.l»W crtoi-iJot.* l l«|^6T tVn m *4 1 1««. *U4. 
14*0. Ua.l..a.CUj:««fct.il5!*.a l«7 
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tions, which said that there was an increase of 14.4S gm. of body-weight 
to' each 0.25 gm. increase in heart-weight. 

Fitting Regression Lines.— 1 The origin of each regression line is at the 
mean of the opposite variable. It is therefore necessary to find the means 
of the two variables. From the preceding chapter, 

Mean - Arbitrary axis -f r, 

The moments, being in terms of working units, must be converted into 
terms of grams of weight. So 

Mean* - 3 125 + [0 25 X (-0 077SS9)] 

- 3.125 - 0010472 

- 3.10552S 

Mean, - 2SS.5 + <25 X 0.364322) 

- 297.G0S05 


The formula for the regression of heart-weight iijxm body-weight is 
* “• bx x v 

and for the regression of body-weight upon heart-weight 
v - b„ x * 

The point of origin of the lines being at the opposite means, we can fit 
either by actual values or by deviations. 

Fitting by actual values, 


Table 100 — Recrxssio.v or IIeabt-wsicht Upon- Rodt-weight 


(1) <« 


Mid-ptunUol 

body-woRD* 

interval. 


Deviation* from mean 
of body- weight by 
2S-gm iclrrv*;. 


1S8 5 -4 35432 
213 5 -3 3G432 
238 5 - 2 30432 
263 5 - l 30432 
288 5 -0 36432 


Computed Jet i*. 
lions of mean* of 
arraj • lrom mean 
of brarl-weiglit 


-0 010 
-0 702 
-0 403 
-0 2S4 
-0 070 


(4) 

Computed value* 
of meant of 
heart- weight 

X - (T+31061 
2 106 
2 404 

2 613 
2 822 

3 030 


313 5 +0 635CS 
338 5 +1 635 63 
363 5 +2 635GS 
388 5 + 3 6 35 6S 
413 5 +4 G35CS 
438 5 +5 635 OS 
463 5 +6 63568 


+0 133 3 239 
+ 0 341 3 447 
+0 650 3 050 
+ 0 758 3 804 
+ 0 007 4 073 
+ 1 175 4 2S1 
+ 1 354 4 490 


The computations in Table 100 are very simple. First converting b x 
into actual grams of heart-weight. 


we have 


and 


6* = 0834082 X 0.25 
- 050352 


* = lx X v 

Xi.tu - 050852 X (-486432) 
>= -0910 


X « -0910 + 3.106 
° 2.196 


and so on, for the other intervals of body-weight 



linear regression 


Tile corresponding Table 101 of fitting the regression line of body-weight 
upon heart-weight follows: 


Taiu-e 101 . — Regression or Bodi-w eigiit Upon Heart-weimit 


(1) 

Mid'pomts of 
heart. weight 
interval# 

1 875 

2 125 

2 375 

2 625 

2 875 

_ (2) 

Deviations 
from toean of 
heart-weight bv 

0 25-gm. interval! 

-4 924 
-3 92 1 
-2 924 
-l 924 
-O 924 

Compute^ deviations 
ot means of arr*} a 
from mean of 
body, weight 

V 

-75 S09 
-60 413 
-45 01 r 
-29 622 
-14 22G 

(1/ 

Computed values 
of means of 
heart- weight 

Y - (v + 297 608) 
221 799 

237 195 

252 591 

207 986 

253 382 

3 100 

O 0 

0 000 

297 COS 

3 125 

+ 0 076 

+ 1 170 

29S 778 

3 375 

+ 1 076 

+ 16 506 

3J4 174 

3 625 

+2 076 

+31 902 

329 570 

3 875 

+3 076 

+47 358 

344 960 

4 125 

+4 076 

+62 753 

300 301 

4 375 

+5 076 

+78 149 

375 757 

4 625 

+6 ore 

+ 93 545 

391 153 


Figure 103 shows the regression lines (tile theoretical values of the means 
of the arrays) together with the actual, or observed, values of the means 
of the arrays. 



Fig. 103,— Regression lines in the correlation of heart-w eight and body- weight, Indian pigeons. 

Tests for linearity of Regression.— For all ordinary work, simple inspection 
of the plotted regression lines, together with the obsen cd \alues, is sufficient 
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SIGNIFICANT DIFFERENCES 


The following observation has been made upon the character of the 
skin lesions in early secondary syphilis in white and colored males: 


CtxtxeUr cl leuoiu 


Table 101 


IrequcDcjr ol oecsttenee 

T\i ,t« " 'coi«*Y 

Di»ln 


Roseola C2 13 

Maculo-papular 39 14 

Lenticular 13 13 

Discoid 1 3 

Folliculo-papular ..... 9 2S 

Folliculo-pUitular 0 9 

PuatuUr 0 13 

Rupia . 5 3 



THE x 1 TEST 


787 


The question is: Is this difference in distribution significantly greater 
than might be expected from the operation of chance? The method of 
applying the x 2 test to this material is shown in Table 105. 


x* - N x If x 



The sum of line 8 in Table 105 is the expression in the bracket. So 

X* - 135 X 96 X 0 005GS9 
- 73 729 


and, turning to the table of values of p, we find that, when the number of 
classes is 8 (n' in the table), and x* = 74, the value of p is less than 0.000001 . 
This is to say that the probability is less than 1 in 1,000,000 that so great 
a difference in distribution was due to chance. Actually, the probability 
is less than 1 in 1,000,000,000. It is therefore apparent that, in this sample, 
there was a very significant difference between the distribution of the 
types of lesions of secondary syphilis in white and in colored males. 


Table 106 —Valves or p fob Corresponding Valdes or x* and n' 


Values of x’ 


8 9 

12 .1005 1612 

13 0721 .1119 

14 0512 0818 

15 0360 0591 

10 0251 0424 

17 0174 0301 

18 0120 0212 

19 0082 0149 

20 0056 0103 

30 0001 .0002 

40 0000 0000 

50 0000 0000 


Number of dmn - 


10 11 12 

2133 2851 3628 

1626 2237 2933 

1223 1730 2330 

0909 1321 1825 

0669 0996 1411 

0487 0744 1079 

0352 0550 0816 

0252 W03 0611 

0179 0293 0453 

.0004 . 0009 0010 

0000 0000 0000 

.0000 0000 0000 


13 U IS 

4457 5276 6063 

3690 4478 6265 

3007 3738 4497 

2414 3074 3782 

1912 2491 3134 

1496 1993 2562 

1157 1575 2068 

0885 1231 1649 

0671 0952 1301 

0028 0047 0076 

0001 0001 0003 

0000 0000 0000 


Tho Four-fold Table.— One of the most useful of the applications of the 
chi-square test is that of the measurement of the significance of the dif- 
ference in occurrence of one event in two samples. This lends itself very 
well to the evaluation of much experimental data since the two samples 
can be the . . ' 

Greenwt . : • • ■ ■ : - 

typhoid C ■ 1 ■■ . . 

in the British Army. The method, using their data, follows: 


Inoculated 


Table 107 


Did not h»vo 
U phoid fever 

10.322 


C d 

Not inoculated . 8,064 272 

a + c 5 + d 

IS 0S6 32S 


ToUU 


Total* - - 


+ 6 + c + d 
19.314 
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[(« X <0 - (& X «)]* X -V 
** " (a + 6) X (c + <0 X (a + «> X (ft + <f> 

[(10,322 X 272) - {56 X 8,661)]' X 19.314 
'~1(K37 8 "X^S, 936 X 1 S.9S6 X~32S~ 

(2.SQ7.5S4 -• 4S5.1S4) 1 X 19,814 
" 577,51 6,1 67,44 1 ,664 

(2.322.400)* X 19,314 
" 577,516.167,441.661 

5,393,541 ,760 ,000 X 19.314 
“ $77,5 1 6,1 07,44 1 ,664 

1 04,1 70,865.552.640 000 
” 577 ,510.167.44 1 ,664 

- 1803 8 

For the value of p in this application of the chi-square test, we turn to 
Table 108, which gives the value of p for the se\ eral values of x- (x — — ) ■ 

x* - lb03S 
X - - 13 4 


Table 10S.— Valces op p fob Deviations Mevsubed ln Tebvis op the Staxdakp 
Deviation ((f) 


Deviation 
standard deviation 


0 67449 

1 0 . 

1 5 

2 0 

2 5 . 

3 0 

3 5 

4 0 

5 0 

6 0 . 

7 0 


Value* of p— the probable 
«curten« of a deviation at 
great or greater 
0 5 
0 3173 
0 1336 
. 0 0155 
. 0 0124 
0 0027 
. 0 000165 
0 0000634 
0 000000573 . 

0 000000002 
0 0000000000026 


We find this value completely out of the range of the table, since, when 
x = 7.00, p = 0.00000000020, or odds of 400,000,000,000 to 1 tiiat no 
difference as great as this would occur from the mere operation of chance. 
Thus, the difference in incidence of typhoid fever among inoculated and 
uninoculated British soldiers was decidedly significant. 
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Alkaloids! prcripitaats, Wagner’s reagent. 
320 

Alkaloids, teats for, 320 
color reaction, 320 
precipitation reactions, 320 
Amolyomma ammeanum, 719 
cajennente, 719 
Amboceptor, 133 
titration of, 134, 13G, 738 
• . . ■ ■ - .737 

A „ 'L r J; j 1’ , 215 

Ammonia in cultures, test for, 3SS 
in renal calculi, 1S3 
in urine, 17G 
in urinary calculi, 1S3 
nitrogen, 176 
by aeration method, 1 i t 
colorimetric method using pcnnutit, 
176 


Amcebiasis, complement-fixation test for, 
620 

Amrebic dysentery, differential diagnosis 
of, 625 

Ampules, mating of, 351 
sealing of, 354 

Amj loidosis, Congo-red test for, 49 
results of, 49 

Anxrobes in wounds, demonstration of, 493 
media for, 394 

Anal swab technics in diagnosis of hel- 
minthic infection, 086 
Analytical balance, 142 
Anculosloma braziliensr, 665, G6S 
duodenal*, 665, G6S 
Anemia, 116 

hyperchromic, 116 
hypochromic, 11G 
macrocjtic, 116 
microcytic, 116 
normocjtc, 11G 
pernicious, 116 

severe, kidney function test in, 36 
Aniline blue, 740 
tests for, 333 

Animal parasites in unne, 32 
Amsocytoais. 116 
Annelida, 667 
Anopheles, 704-706 
wing of, 699 
Anoplura, 700 
Anstie’s reagent, 342 
Anthomyudi, 711, 712 
Anthrax, 749 

a nimal inoculation for, 4SS 
Antibodies, identification, by agglutinin 
absorption tests, 420 
Anticoagulants, 99, 193 
lithium oxalate, 19S 
oxalate mixture (Heller and Paul), 223 
potassium oxalate, 193 
Antigens, 406 

bacterial, preparation of, 406 
cultures for, 406 


Antigens cultures, non-mottle variant, 407 
normal smooth type, 407 
rough variant, 407 
■‘flagellar,” 403 

for complement-fixation m rickettsial 
diseases, preparation of, 577 
test for amabiasia, 620 
for malaria, 647 

for rickettsial complement-fixation, 576 
“H," 403 
“O ” 403 

preservation of, 40S 
‘‘somatic,” 403 
Antimony mirror, 339 
testa for, 336, 337, 339 
Antipynne, 323 
Antisera, 409 
diagnostic, 409 
preparation of, 409 
titration of, 409 

Apomorphine, extraction of, 323 
Arachnids, 716 

key to orders of, 716 
metamorphosis, 717 
Arancida, 721 
Argot perilous, 719 
Armigeret otlurtans, 70S 
Army laboratories, functions of, 11 
organization of, 11 
medical museum, 12 
school, 12 

Arneth count of leukocytes, 117 
Arnold sterilizer, 383 
Arsenic mirror, 339 
testa for, 336 
Artefacts in urine, 32 

Arteriosclerotic Bnght'a disease, urea clear- 
ance test in, 46 
Asbestos filters, 146 
Ascarit lumbnandes, 665, 667 
Aschheim-Zondek te=>ts, 50, 51 
detoxification of unne for, 52 
quantitative, 54 

preparation of concentrates for, 55 
Ascorbic acid, determination of, m blood 
plasma, 243 

Ash, Jamca EL, 7. 725, 731, 733 
Asiatic rat flea, 701 
Aspergdh, identification of, 374 
Aspergillosis, 374 
Assassin bugs, 715 

Atabnne, determination of, in blood, 235 
in unne, 235 

fluorescence of, measurement of, 23S, 240 
in plasma. 23S, 239 
in unne, 233 
in whole blood, 237 
Athlete’s foot, 370 
Atropine, testa for, 334 
Auehmeromyvi luieda, 712 
Australian “Q” fever, 560 
Autogenous vaccines, 403 
Autopsy, 725-730 
embalming following, 727 
in suspected poisoning, 317 
materials required for, 727 
measurements of organs, 723-729 
on embalmed bodies, 723 
postmortem bactenology, 727 
protocol, outline for, 725, 726 



Autopsy, records of. 13, 725 
restoration of boay, 727 
significance m army, 725 
specimens, collection of, 412 
technic for, 727 
weights of organs, 72S 

Avery “artificial mouse” method of inocu- 
lation for pneumococci, 429 

B 

Babesia, btgemina, 753 
cants, 753 
egut, 753 

Bacnman techmc for helminths, G88, 690 

Bacillary djsentcry, differential diagnosis 
of, 625 

Bacillus abortus, 482 
anthracis, 4S6, 749 

examination of clinical material for, 
4S7 

media for, 413 
fustformis, 515 
leprx, 505 
mallei, 495 
melitensis, 481 
vyocyancus, 454 
sorddli, 492 
sutldii, 486 
tertius, 492 
tuberculosis, 500 
typhosus, 474 

Bacteria, acid-fast, stain for, 385 
anaerobic, oxygen absorption of, 416 
“brown jar” method for, 416 
atmospheric requirements of, 416 
classification of, 422 
cultivation of, 414 
anaerobic, 416 
candle jar, 417 
COj tension, increase of, 417 
petri plate method, 414 
pour plates, 415 
tube method, 415 
darhfield method for, 413 
for vaccines, selection of, 404 
hanging-drop preparation for, 113 
identification of, by agglutination 
419 

by agglutinin absorption tests, 42( 
in urine, 32 

incubation, temperatures of, 415 
microscopic demonstration of, 412 
nomenclature of, 422 
of medical importance, 424-524 
oxjgen, absorption of, 416 
displacement of, 416 
exhaustion of, 416 
expulsion of, 410 


)EX 791 

Bacteriological examinations specimens, 
collection of, 410 
ear, 410 
eje, 410 
feces, 412 
gums, 410 
mastoid, 410 
nasopharynx, 110 
nose, 410 

pericardial fluid, 411 
pleural fluid, 411 
prostate, 412 
serous cavity fluid, 41 1 
smuscs, 410 
sputum, 411 
teeth, 410 
throat, 410 
tonsils, 410 
urethra, 412 
urine, 412 
vagina, 412 
wounds, 412 
-><)•> 


glassware for, 381 
sterilization of, 382 
by chemicals, 383 
by dry heat, 382 
by steam, 382, 383 
postmortem, 727 
test tubes, care of, 382 
Balances, 141 
care of, 142 
chemical, 141 
laboratory, 142 
analytical, 142 
. centigram, 142 
trip scales, 142 

methods of w eighing vv ith, 143 

determination of sensitivity, 144 


f Barbiturates 327 


. ' t 


1 


autopsy material, 412 
bile, 412 
blood, 411 
serum, 411 

cerebrospinal fluid, 411 


j Bedbugs, “Mexican,” 715 
[ Beef tapeworm, CCS, 67S 
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Beer’s law in calculations of colorimetry, 
1S9 

“Bejel,” 518 
Bellerbv test, 53 

Bence-Jones protein, 20 i 


Hart’s test for, 24 
Bial’s test for pentoses in urine, 21 
Bile, 24 
acids, 25 

furfural-sulfuric acid test, 25 


tion of, 83 

excretion, liver function tests and, 67 
pigment, extraction of, 25 
formation, physiology of, 67 
HuppertrXakayama test, 25 
specimens, collection of, 412 
test for bile pigment, 24, 82, 83 

Rosenbach’a modification of Gmclin s 
test, 2i 

types of, from duodenum, 63 
Bibprasin, 69 
Bilirubin, 69 


normal values of, 242 
Bdivcrdm, 69 

Biochemical ox>een demand m sewage. 


Blowfly, bfack, 712 
gray, 714 

Bluebottle flies, 712 


Blood, acetone bodies in, 22 
alcohol levels in intoxication, 344 
altered red cells, 101 
analysis of, in drowning, 348 
anemia, 116 

hyperchromic, 116 
hypochromic, 116 

macrocytic, 116 
microcytic, H6 

normocytic, 116 
pernicious, 116 
amsocytosis, 116 
anticoagulants, 99, 19S 
Heller and Paul, 99 
heparin, 99 
potassium oxalate, 99 
sodium oxalate, 99 
Arneth count, 117 
basophil, 117 
basophilic 6tipphng, 116 
bleeding, 106 
time, 108 

Duke’s method, 10S 
Ivy’s method, 108 
bone marrow, 118, 119 
carbon monoxide of, 22S 
cell dex elopment, 115 
leukoblast, 115 
metamyelocyte, 115 
myeloblast, 115 
myelocyte, 115 
promyelocyte, 115 
cellular components, 108-114 
chemical examination for, in feces, SI 
dot retraction, 107 
clotting, 106 

mechanism of, 100 
micro prothrombin time, 107 
prothrombin time, 107 
thromboplastin extract, 10S 
time in, 107 

collection of specimen, 198 
color index, 113 
counting, 9S-1I8 
counting chambers, 100, 10S 
differential, 115 
general methods of, 9S-1I8 
glassware for, 100 

hemacytometer pipeta for, 100 , 10 S< 
113 

needles for, 99 
specimens for, 98 
syringes for collection of, 99 
determination of atabnne in, 235 
ethyl alcohol in, 342, 343 
differential count, 115, 315 
normal adult values, 115 
eosinophil, 117 
erythrocyte morphology, 116 
examination for larv®, 6S7 
for microfilaria:, 687 
films, 100, 114-118 
buffers for staining, 102 
dry films, 100 

preparations of blood films, 100 
stains for blood films, 102-104 
Giemsa, 103 
Jcnner’s, 103 
May-Gruenwald, 103 
peroxidase, 104 
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Blood films stains, Wright, 103 
study of, 114 
wet films, 102 


carboxyhemoglobin method for, 111 
cyanmethemoglobm method for, 112 
Haldane method for, 111 
Sahli method for, 111 
Stadie method, 1 12 
Taliqvist method for, 110 
hemophilia, 118 
hyperchromasia, 116 
hypochromasia, 116 
m urine, 25 
m gastric juice, 61 
indices, 112 
leucocyte count, 113 
morphology, 117 
polymorphonuclear, 117 
leukemia, 117 
aleukemic, 118 
lymphatic, 117 
monocytic, 118 
myelogenous, 117 
lymphatic leukemia, 117 
lymphocyte, 117 
macrocytes, 116 

mean corpuscular hemoglobin, 113 
concentration, 1 13 
thickness, 113 
value, 113 
microcytes, 116 
myelogenous leukemia, 117 
Neubauer counting chamber, 108, 
neutrophil, 117 

nitrogen determination tests in 
function, 37, 46-48 
non-protein nitrogen retent 
urea nitrogen retention, 47 
uric acid, 48 
retention studies, 4G-48 
creatinine, 48 

normal concentration of urea nitrogen m, 
47 


values of, 242 
normocytes, 116 
ovalocytosis, 116 
plasma, determination of ascorbic acid 
in, 248 

platelet morphology, 118 
platelets, 114 

diluting fluid for counts, 114 
direct count, 114 
indirect count, 1 14 
poikdocytosis, 116 
polychromatophilia, 116 
polycythemia, 116 
vera, 116 

preservation of specimen, 19S 
Keidel tubes, 199 
Price-Jones curve, 116 
proteins, 221 
protozoa, 627-66 1 

quantitative *’ 

1S5-251 


i chemical examination of, 


recovery of larv so from, 687 
of microfilaria 1 , 087 


fragility, 112 
reticulocyte count, 112 
Rh factor in, 123 
Rieder cell, 117 
saturation index, 113 
serum, bromides in, 347 
specimens, 199 
collection of, 411 
sickle cell, 116 
anemia, 116 

specimens, collection of, 41 1 
for COj capacity, 230, 231 
spherocytosis, 116 
stains, removal of, 358 
Thoma diluting pipet, 108 
thrombocytopemc purpura, 118 
transfusion of, 120-123 
urea clearance, 204 

acetate buffer mixture, 204 
volume index, 113 
white blood cell count, 113 
diluting fluid for. 113 


studies, 745 

Bodphilus annulalus, 719 


tion, 169 
Rorrcha, 511 
ansenna, 515 
bertera, 512 
carleri, 512 
dutlomi, 512 
gallinarum, 512, 515 
kochri, 512 
muns, 521 
noryi, 512 
recurrent is, 512 
refringens, 512 
thctlen, 516 
vtnccntn. 514 

cxammatiou of clinical materials in, 515 
Botfly. 714 
Botulism, 4SS, 525 

examination of clinical materials for, 491 
Bourn’s fixative, 043 
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Brill's disease, 560 
Bro mides in blood wnm, 347 
in urine, 347 
Bromine, tesla for. 311 
water test for phenolic compounds, 325 
Bromoform, 324 
Bromsulpbdem tests, 73 
interpretation of, 74 
results of, 74 
BructUa, 4S1 
cAortur, 4S2, 751 
rrv.1.* for, 414 

genus, differential characters of three re- 
lated species of, 4S3 
in dairy products, 535 
in mil, 535 

key to species of genus, 4S1 
media for, 333,414 
ruliicrau, 4S1. 751 
cihij for, 414 
iuu, 4 S3, 751 

agglutination test, 4S4 
«nimal inoculation for, 4S5 
examination of clinical materials for, i 
4 S3 , | 

of materials from ani ma l s 4S5 
opsono-cytophagic test, 4S4 
Bruccllergin skin-test, 4S5 
Brutsaert and Henrard’s medium, 65S 
Bubs, 651 
Buffalo gnats, 703 
Buffer action, 162 
for Giemsa stains, 103 
for Jenner's stain, 103 j 

for May-Gruenwald stain, 103 | 

for peroxidase stain. 104 
for Sato and Seluya stain, 104 
for Wright's stain. 103 
solutions. 163. 3S7 
Bugs, assassin.^715 
cone-nosed. 700 


1 Butter, coloring matter in, axo djea in, 303 
j Doobttle method, 303 

Low method, 303 

; constants of butter fat and oleomarga- 
' nne, 303 
fat in, 300 
ihrect method, 301 
Rocse-GottLeb method, 301 
foam test, 307 
Kreis’ test, 307 
mold myceLa in, 301 
ph^ E.cal characteristics cf, 239 
constants and related raises of, 239 
preparation of sample of, 300 
preservatives in, 302 
processed. 300 
rancidity, 307 
renovated, 300 
salt in, 300 
total nitrogen in, 301 
water in, 300 
“Butterene,” 300 


of medical interest, 714 
Burets, 149, 151 
calibration of, 151 
Bvlhut q-iiinq-utitriat ur, 722 
Butter, 299-307 

added foreign fats, effect of. 303 
Hehner number. 306 
iodine number, 505 
Kirschner value, 303 
procedure, 304 
Koettstorfer number, 305 
microocopic examination of, 307 
Polenske value, 303 
procedure, 304 
refractive index of, 306 
Rei chert-5 feisd value, 303 
procedure, 304 
saponification number, 305 
ash in, 301 

average composition of, 239 
ch emical characteristics of, 299 
collection of sample of, 300 
coloring matter in, 302 
annatto m, 302 


Calcium carbonate broth, 394 
determination of, in bleed, 217 
tn renal cal c uli, l S3 
in urinary calculi, I S3 
m water, mineral analysis of, 275 
normal values of, in blood, 242 
standard solution of, 217 
Calculi, chemical examination of, ]S2 
| physuml examination cf, 1S2 
1 renal, analysts of, 1S2 
I urinary, analyse of, 1S2 
Calf (Lphthcxia, 749 
iCallenaer, SI 

CdlipKcra er,tkroctpt^ln, 712 
' romiforia, 712 
CcUiphoridr, 712 

| Campbell's stain for acid-fast bacilli, 737 
I lor nerve ti*sue._ 743 
Canine do temper, 756 
1 Ccnru&it enrvana, 350 
I tndico, 350 
I tofira, 3 50 
Capsulei, analysis of, 349 
Carbol-xj lene. 734 

Carbon dioxide capacity of blood plasma, 
230 

combining power of plasma. 234 
determination of, in blood, 232 
Carbon monoxide, determination of, in 
blood. 22S 
in air, 229 
tests for, 341 
Carbon tetra c h l oride. 324 
Carbonates in renal calculi, 1S3 
m urinary calculi, 1S3 
Carboxy hemoglobin method for hemo- 
globin, Hi 

Cardiac decompensation, kidney function 
test in, 36 

urea clearance test in, 46 
failure, concentration tests in, 37 
Camoy’s acetic alcohol fixative, 733 
Cat flea. 702 
liver fluke, 6S2 
Catalase test, 3SS 
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Cattle tick, 719 
Cements, 356 
acid-resisting, 356 
Centigram balance, 142 
Centipedes, 722 
CerUruroide s suffusus, 722 
Cephalin, preparation of, 77 
Cephahn-cholestcrol emulsion, preparation 
of, 77 

flocculation test, 77 
interpretation of, 78 
results of, 78 
Ceratop hyllus acutus, 701 
fasciatus, 701 
Ceratopogon, 708 
Ceraiopogontdse, 708 
Cera 
Cere 
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determination of chlorides in, 249 
protein in, 249 
sugar in, 249 
sulfonamides in, 251 
gross examination of, 91 
microscopic examination of, 91 
normal values of, 251 
physical characteristics of, 91 
presumptive test for tuberculous men- 
ingitis, 93 

specimens of, collection of, 411 
titration of stock gold solution in, 95 
Certified milk, 531 
pasteurized milk, 531 
Cestoidea, CG6 
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food poisoning, 317 
technic, general, 141-1G0 
Chemistry, 141-300 
Chiclcro's ulcer, 051 
“Chiggcrs,” 721 
Chigoe, 703 

Chtlomattix wirtnili, 011 
Chinese liver fluke, COO, GS3 
Chironomida;, 709 


\ Chloral hj drate, 324 
Chlorates, tests for, 341 
Chloride in sewage, analyse of, 2S6 
m water, analysis of, 266 
Chlorides, 181, 209, 242, 251 
determination of, m blood, 209 
indicator solution for, 209 
mercuric nitrate solution, 209 
determination of, in cerebrospinal fluid, 
249 

normal values of, in blood, 242 
normal values of, m cerebrospinal fluid, 
251 

standard ammonium thiocyanate solu- 
tion, 181 

silver nitrate solution, 181 

■7 

chloral 


i free, 211 

in blood, 209 

standard solution of, in chloroform, 210 
total, 211 

normal values of, 242 
stock solution, 212 
Chromatography, 160 
Chromobacienum nolaceum, 522 
Chromoblastomycosis, 373 
Chrysopt, 710 
dtmtdiata, 710 
ditcalw, 710 
tilacea, 710 

Churchman’s capsule stam, 385 
Cibata, 005 

Ciliates, diagnosis of, 023 
differentiation of, 623 
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Clostndium, 4SS 
xrofatidum, 492 
animal inoculation of, 490 
bifcrmenlan*. 492 
bolidmum, 491 _ 
cAaupcrt, 492, 750 
Jallaz, 492 

genus, characteristics of tho more impor- 
tant tpccu* of, 400 
hUudytieum, 492 
UnJapuirtscen*, 492 
noryt, 492 
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Clostridium cb demaliem, 492 
ademalis-maligni, 750 
perfnngens, 492 
animal inoculation for, 494 
putrifieum , 492 
septicum, 492, 750 
iporogenes, 492 
telani, 4SS 
tcrhum, 492 
vxlchii, 492 
“Cluster fly," 712 
Coagulate test, 4 30 
Cocaine, tests for, 334 
Coccidioides, microscopic examination for, 
378 

Coccidioidomycosis, 377 
culture for, 379 
epidemiology of, 377 
laboratory diagnosis of, 37S 
serological reactions in, 379 
skin tests in, 379 
Cochlicmyia americana, 712 


reagent, preparation of, 94 
teat in cerebrospinal fluid, 9 
Colombian spotted te\ er, 500 
Color filters, 190 
Color in specimens, presen ation 
Color reactions of the more 
alkaloids and glucoaides, 330-2 
Colorimeters, 1S5-19S 
care and cleaning of, 1SS 
cross-section of, 153 
Duboscq, 185-1SS 
photoelectric, 191-193 
calculations for, 195 
calibration curve in, 195 
color filters for, 190 
method of using, 194 
principles of, 191 
types of, 191-195 
double cell, 192, 193, 195 
merits of, 194 
single cell, 191, 193 
visual, 186-191 


Colorimetry, 141, lt>4, 107, 185-19S 
calculation of, 189-191, 195 
color filtere in, 191. 190 
methods of, 1S5-19S 
photoelectric, 191-19S_ 
sources of error in, 185 
spectrophotometers in, 19S 
standardization of, 187 
visual, 185-191 
Comparator, block, 104, 390 
for use with standards, 105 


Comparator for use without standards, 1G6 
Complement-fixation test, 131, 691 
for amcebiasis, 620 
antigen for, 620 
method of, 621 
reactions in, 621 
interpretation of, 621 
reading of, 621 
for intestinal protozoa, 620 
for syphilis, 131 
Kolmer-Wassermann, 131-13S 
make-up of, 137 

reading and interpreting of, 133, 700 
technic of, 137, 756, 760 


Conenoses, 715 
“CoDgo floor maggot,” 712 
Congo-red, 16S 
solution, 49 
test for ami loidosis, 49 
results in, 49 
Comine, tests for, 333 
Convoluted filaria, 665 
Copper sulfate method of determining 
specific gravity of blood 


Correlation, 775-783 
Corynibadenum, 506 
aents, 506 
dtphiherix, 506-510 
animal inoculation for, 509 
confirmatory virulence test for, 509 
intracutaneous, 509 
subcutaneous, 509 

criteria m differentiating three times 
of, 50S 

e x amina tion of clinical materials for, 
507 

Frobisher’s chick test in, 510 
media for, 400, 402, 413 
0 

510 


acidity in, 29S 
ash in, 29S 

bacteriological examination of, 532 
collection of, 29S 
coloring matters in, 299 
fat in, 29S 

Babcock method, 293 
Rocse-Gottlieb method, 29S 
gelatin in, 299 
lactose in, 298 

preparation of sample of, 29S 
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fehs, 702 
Ciiler, 707 
faiigans, 707 
ptpiens, 707 
quinquefasciatus, 707 
tarsahs, 707 
Cuhcidse, 704 
adults, 704 
eggs, 704 
larvte, 704 
pup®, 704 
Cuticoides, 70S 
austeni, 709 
furens, 709 
grahami, 709 

Culture media, adjustment of 
3S9 

clarification of, 391 
distribution of, 391 
formal® for basic, 391 
pH of, 3S9 
storage of, 391 
Cutcrebna®, 714 

Cutler tube method fo* mentation rate. . . 


355 

Dick test for susceptibility to scarlet fc\ cr, 


globio, 112 
Cysticerevs cclluloi 
larva, 078, G79 
Cjstinc in renal c 
in urinary calcu 
Cj stine- tellunte-i 
Czapek's medium 


Dauiy products, 
of, 529 
IiructUa in, 5. 
diphtheria b: ■ 

conform bach ■ ■ 

pathogenic organisms m, <wj 
dahnorulLi in, 531 
streptococci m, 53 1 
tubercle bacilli in, 531 
Uphold bacilli m, 531 
Darkudd method fur hacUrta, 413 
Decalcifiration of tissue, 745 
DocaJcifj mg fluid, 733 


! Drowning. blood, iuI'm tdf, 3 S'* 
blood cldondc in, 319 
I rjn’cimccj in eases iJ, 319 
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DuWs method for bleeding time, 103 
Dunham’s medium, -100 
Duodenal fluids, 01-65 


ErdcTtkadcriaccx, hey to the tribes of 
family, 4CS 

ErUcrobtut termicularu, C05, 671 


hemoglobin digcstiou by, 64 
tubes, 04 

macroscopic examination of, 03 
microscopic examination of, G3 
oltvo oil digestion by, 05 
tubes, 04 

starch digestion by, 04 
tubes, 04 

stimulation of. Rccrrtuin, 02 
. " I 


Dysenteric 6i>ccimcns,' cellular pathology 
of, 020 

Dysentery, aincrbic, differential diagnosis 
of. 025 

bacillary, differential diagnosis of, 025 
bacillus, 470 

E 

Ebnthella, 474 

typhosa, media for, 402, 413 
Echinococcus antigen. 090 
granulosus, CG0. 079 
Echinostomcs, ro ° 

Edema, concent . 

Effluents, 277-; • 

Ehrlich aldchj i 
urobilin, 2! 
aldehyde rcag. . 

diazo reagent, 03, 09 j 

Emhorn’s combined method of examina- 1 
tion of duodenal fluid, 04 
Electrode, glass, 103 
Electronic photofluorometcr. 230 
Emhadomonas inUshnalis, G13 
Embalming, 727 
fluid, 728 

Endamaba coli, COS 
cysts of, 608 
life c> cle of, 60S 
stages of, 607 
trophozoites of, COS 
gingivaUs, 008 
histolytica, 004 
cysts of, 605 
incidence of, 607 
life cycle of, GOO 
trophozoites, 004 
Endemic typhus, 560, 562 
Endo’s medium, 396 
Endohmax nana, 610 
Endomyccs, 372 
Enteric fever, 471 
Enlerobacteriacex, 468 

examination of clinical and other mate- 
rials for, 478 


Eabach’s test for protein in ccrebro«pinal 
fluid. 93 
Eschcnchex, 409 
media for. 413 
Espundia, G51, 055 
geographical distribution of, 654 
Eatnn testa for pregnancy, 54 
Eth>l alcohol in blood, 342 

color standards for determination of, 
342 

in spinal fluid, 342 
in unne, 1S2, 342 
test for, 324 
European rat flea, 701 
relapsing fever, 512 
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Exanthematic typhus of Minas Genrs. 56S 


appearance of, SS 
characteristics of, 89 
hydatid cyst fluid, 90 
hydrocele fluid, 89 
pancreatic fluid, 90 
pericardial fluid, 89 
peritoneal fluid, 89 
pleural fluid, 89 
spermatocele fluid, 89 
synovial fluid, S9 
differentiation of, S3 
microscopic examination of, SS 
specific gravity of, SS 
spontaneous coagulation of, SS 

Eye gnats, 710 

Eye, collection of specimens from, 410 
F 

Fannia canicularis, 7 11, 712 
scalane, 711, 712 
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Fasciola hepatica, GGG, GS1 
Fasdolopm bn ski, GGG, GS2 
Fat, stains for. 737 

Fata, chemical examination of, in feces, 84 
qualitative differentiation of, 84 
quantitative determination of, S4 
Faust, E. C , 7, G03 

Fecal diagnosis m protozoa, additional aids 
in, G24 
Feces, 79-85 

chemical examination of, 81 
bile, 82 


i Filters, paper, quant itati- • <3 
I Seitz, 383 
'Filtration, 143 
gravity, 145 
suction, 140 

Filtr&tion-rcabaorption theory of urine 
secretion, 34 
Fish tapeworm, GGG, G77 
Fishberg concentration test in kidney func- 
tion. 37 

Fiskc and Subbaroiv method for inorganic 
phosphate, 182 
Fixatives for protozoa, G13 


blood, 81 

bcnzidiue test for, S2 


fata, 84 

qualitative differentiation of, 81 


. m, 623 

differentiation of, G23 
j Masks, volumetric, 130 
Flatworms, 6G5 
Tlea, cat, 702 
• dog, 702_ 


quantitative determination of, S4 [ human, 701 


macroscopic examination of, 71) rat. Eurojican, 701 

color of, 79, 80 i sand. 703 

concretions ui, 80 Fleas, 701 

consistency and form of, 79 ley to common species of, 703 

helminths in, 80 stage* in life c> cle of, 702 

mucus in, SO Mesh flies, 714 

odor of, 79 Flits, 703 

quantity of, 79 black, .03 

microscopic examination of, 80 blow, 71- 

for exudate, 8 1 bluebottle, 7 1 2 

Callender, 81 hot, 714 

permanent preparations, Si deer, 710 

stained jin poratiom, M deg. 711 

technic of. 80 flesh, <14 

fresh whole stool, 80 « gn-cnbottle, 71 . 

specimens of, collection of, 4 1 2 ••grwnhead, 710 

’ ■ a -j hippeUtes. 710 

■ . .. • howiliol, 714 

■ "latrine," 711, 712 
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EXAMINATION OF MILK AND DAIRY PRODUCTS 


reduced or lost depending on the oxygen consumption of the bacteria 
present. The reduction time and the quantitative bacterial content of the 
milk as measured by the colony count have been empirically correlated. 

1. Methylene Blue Reagent.— Formerly methylene blue was used in the 
form of methylene blue chloride. This is difficult to purify and standardize 
and recommended procedure now uses methylene blue thiocyanate which 
is readily prepared in a state of practical purity and is therefore repro- 
ducible. Methylene blue chloride and methylene blue thiocyanate in equal 
concentrations have identical reduction values in the test. Methylene 
blue thiocyanate tablets should be used which have been certified by the 
Commission on Standardization of Biological Stains. Dissolve 1 tablet in 
200 cc. of sterile or freshly boiled distilled water observing that the volume 
of the solution at room temperature is 200 cc. Solution is complete when 
1 tablet is allowed to stand in 200 cc. of water overnight. The solution is 
prepared each week and kept in amber glass bottles in the dark. 

2. Technic.— Measure 10 cc. of milk into a thick-walled test tube, fitted 
with a rubber or cork stopper, and add 1 cc. of the certified methylene blue 
solution. If the blue color is not evenly distributed, invert the corked tube 
and mix uniformly. Place in a water bath and heat to 37° C., which tem- 
perature should be maintained until the test' is completed. The tubes 
should be observed at fifteen-minute intervals, and the end point (dis- 
appearance of the blue color) recorded. 

3. Interpretation of Results.— Within the limits of one and ten hours, any 
classification of milk based on the methylene blue reduction test is neces- 
sarily an arbitrary one. A herd milk that reduces in two hours or less 
undoubtedly has a high bacterial content. One that requires eight hours 
for reduction probably contains comparatively few bacteria other than 
those in the milk at the time of its withdrawal from the udder. The fol- 
lowing classification is presented merely as a possible guide. This classifica- 
tion is not intended to carry with it the inference that all milk that decol- 
orizes in less than eight hours is unacceptable for use as market milk. 

Class 1. 

Class 2. 

Class 3. 

Class 4. 

IV. Sediment Test.— If it is desirable to determine theamountof insoluble 
sediment in milk, this may be done with the Wisconsin sediment tester 
(Lorenz Model Company, Madison, Wisconsin). Pint samples of the milk 
are strained through the special cotton discs which are placed over the 
opening in the tester. The process may be hastened by warming the milk 
or using air pressure. After filtering, the “ sediment score” or “cleanliness 
rating” of the milk is determined by comparing the disc with a set of 
standards ranging from “clean” to “very dirty” milk. Such standards 
may be secured through the office of the American Public Health Associa- 
tion, 1790 Broadway, New York City. 

CREAM 

I. Bacteriological Examination of Cream.— Estimations of the bacterio- 
logical content of cream Samples are made by using the same methods as 
those for milk with the 'following exceptions: (a) Measuring Sample 
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bromcresol green, 16S 
purple, 16S 
broraphenol blue, 16S 
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diagnosis of, 055 
pathology of, 053 
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muco-cutancous 855 
pathology of, 055 
naso-pharyngeal. 051 
pathology of, 051 
south American, 051 
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microscopic examination in, 520 
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Malaria, vectoreof, Anophtles jvjporitrifis, 

706 

candidiensis, 706 
kochi, 707 

labranckix alropan-us, 706 
labranchix, 706 
leucosphyrus Icucosphynif, 707 
maculalus, 706 
inacxthptnnti frttbomi, 706 
manyyanus, 707 
metsex, 700 
minimum, 706 
minimus flanrostrit, 707 
movcheli, 70G 
nigertensis, 706 
multicolor, 706 
nt'ii, 706 
■palloni, 707 
pharcctms, 706 
phtlippincntit, 706 
pretortensis, 706 
pseudopuncttpcnnis, 706 
punctimacula, 706 
punclulalus molueeensis, 707 
punctulatus, 707 
giiadnmnailalut, 700 
tacharoci, 700 
sergenti, 706 
slephtnst, 700 
tundaicua, 700 
superpictut, 706 
tarsimaculalus, 70G 
umbrosvs, 700 
Malay filaria, 605, 674 
Malignant edema, 750 
pustule, 4S7 
Malleomyces, 495 > 



Meat, crude fat in sausage, 30S 
cured, determination of nitrites in, 310 
detection of dried skim milk in, 312 
of soybean in, la presence of cereal, 311 
determination of nitrates in, 310 
xylcnol method, 310 

bromcrcsol green indicator, 310 
meta-xylenol (1 -hydroxy, 2, 4- 
dimethyJbcnzene), 310 
nitrate-free water, 310 



ixiuuiiK » sacoiarose pcptoce-u ater, 390 
bile, 395 

bismuth sulfite agar, 402 
blood agar, 393 
culture, 395 

Boeck and Drbohlav's, 617, CIS 
brilliant green lactose bile, 395 
bromcresol nurple milk, 400 
calcium carbonate broth, 394 
chocolate agar, 403 
blood agar, 393 
Clark and Lubs\ 399 

— I J C-- i — r 



aiuuinui, <o.> 
hemalum stain, 615 



I 


eosin-methylene blue agar, 396 
for anaerobes, 391 
for Bacillus anlhracis, 414 
for Bmctlla, 393, 414 
abortus, 393, 414 
melitensu, 414 
for citrate utibzation, 39S 
for Clostridia, 414 

for Comybactenum diphtheria, 400, 402 
414 

for Diplococcus pneumonix, 414 
for Eberthella, 414 
typhosa, 402, 414 
for Escherichia, 414 
for fermentation tests, 399, 400 
for fungi, 414 

for Hemophilus iniluenzsc, 414 
for H,S test, 39S 
410 for indol test, 400 
for leptospira, 401 


for nitrate reduction test, 400 
for PasteureBa pestis, 414 
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ction of, 

physical characteristics of, 2SS 
preparation of sample of, 2S-S 
preservatives in, 295 
formaldehyde, 295 


Musca domestica, 711, 712 
iMuscidse, 711,712 
Muscoid flies, 711 
Muscoidea, 711 
■ Museum specimens, 731, 732 
color of, preservation of, 731 
j formula; tor preservative solutions, 731 

| Kaiscrhng solution*, 731 

preparation of, 731 


and sodium mtroprusside test. 

295 

raw, 531 
and heated, 297 
Gibbs’ phenol reagent, 297 
rapid pno'phatase test, 297 
salicylic acid in, 295 

ferric chloride test in, 295 
Jonsren test for, 295 
sediment test, 532 
Shgflla, in, 534 
specific gravity of, 2S9 
streptococci in, 534 
total nitrogen of, 291 
total solid*, by direct method, 290 

by calculation from specific gravity, 
290 

tubercle bacilli in, 534 
tvphoid bacilli in, 534 
Millon's reaction in phenolic compounds. 
325 

Mineral acids, tests for, 340 
Miracidium, fiGC 
Mite fever of Sumatra, 500 
Mites, 716, 717, 719 
harvest, 721 
itch, 719 
tropical rat, 720 
Mohr pipets, H9 
Molar solutions, 152 
gram-molecule, 152 
"mole,” 152 
Mold fungi in urine, 32 
Monilia, 371 
albicans, 371 
identification of, 371 
pstlosis, 371 

Moniliformis moniliformis, 667 
Moore, Edn ard W , 7 
Morphine, extraction of, 329 
tests for, 334 
Mosquitoes, 703, 704 
dissection of, for parasites, 640, 641 
technic of, 641, 642 
salivary gland, 642 


shipping of, C41 

Moss system of blood grouping, 120 
Mucus in feces, 80 
in unne, 22 
Murine typhus, 560 
fever. 502, 563 
Murnna, 752 


genus, key to the species of, 499 
lachcola, 504 
lepra, 505 

paralubcradosis, 501 
tmtgmalis, 504 

tuberculosis, media for, 401, 413 
var. bovis, 504 
var. homtnis, 500 
Mycological technic, 301-379 
Mycology, 3G1-3S0 
definitions in, 3G5, 360 
Myiasis, 714 

N 

X ag ota., G57, 752 

Xakaj ama reagent, 25 

Nasopharynx, collection of specimens from, 

X-(l-naphthvl) cthylenediamine dihydro- 
^ chloride, 220 

A ’r color americanus, 6C5, 667 
XccrobaeiIlo«es, 749 
Xcgri bodies, 753 
stains for, 754 
Mann’s, 755 
Seller’s, 754 

I Xeill-Mooser bodies, 563, 564 
Neisseria, 43S 
cotarr knits, 446 
gonorrhoea', 439 
culture of, 440 

I examination of clinical materials for, 
440 

media for, 403, 414 
intracellulans, 442 
culture of, 443 
media for, 403, 414 
i key to the species of genus, 43S 
! media for, 403, 414 
oxidase test for, 3S9 


| in water, analysis of, 259 



DETECTION OF PATHOGENIC ORGANISMS 533 

J/ix ’ample; weigh 1 gm. aseptieally into a sterile butter boat or direetlv 
into a dilution bottle. (6) Dilutions Used.- The allowable baeterial content 

tZTr 3 8rC t tC ;. tha I! *5* fOT milk - r» otder, therefore, to o^toin'plates 
for counimg which will show the proper number of colonies the dilutions 

dont fo C r r mUk PrePared Sh ° UM be Carried one or *' vo ste P s farther than is 

ICE CREAM 

nJfL 1 !! 6 bac ‘ er . iol °S ! “ 1 examination of ice cream follow the same general 

tel wid f °Z,' ik - T ^ e SampIe3 be conveniently collected ?n 
stenie wide-mouthed containers of 125 cc. capacity, fitted with glass 
oppers or metal caps. At least 50 cc. of the sample are required. With 
a sterile, metal spoon remove a portion of the outer surface of the ice cream 

Sample ™ ation - 

enizer, bomo S- 

... m . — .. in frozen 


ation outlined under water and milk examination should be used, and if 
desirable th e results may be confirmed by the direct microscopic count 
method. There are two methods of preparing the dilutions: (1) volumetric, 
and (2) gravimetric. 

1. Volumetric.— In order to reduce the percentage of error when using 
materials of high viscosity it is necessary to use large amounts in making 

. first dilution. Frozen ice cream should be melted by placing the con- 
tainer in a water bath at 45° C. for about fifteen minutes. Higher tem- 
peratures or longer periods of heating are undesirable. Place 11 cc. of the 
melted material in 99 cc. of sterile water for the first dilutions (1 to 10) 
and with this make further suitable dilutions and prepare agar pour plates. 

2. Gravimetric.— Heat the sample to a suitable consistency in a water 
bath (43° to 45° C.) or until it has attained a temperature of 10° C. Pre- 
pare a sterile test tube containing a butter boat (Mojonnicr Pros., Chicago) 
or a similar apparatus of a size that will be admitted to the neck of the 
dilution flask. Remove the cotton plug from the test tube and slide the 
boat to a point about f inch beyond the end of the tube. Place the tube 
and boat on the pan of a balance and weigh to the second decimal place. 
With a wide-mouthed pipet place 1 gin. of the sample on the boat. Slide 
tlie boat containing the sample through die neck of a dilution flask con- 
taining 99 cc. of sterile water. Make further dilutions of tin’s 1 to 100* 
suspension, and prepare agar pour plates. Incubate die plates for forty- 
eight hours at 32° or 37° C. and report die results as die “standard plate 
count.” 

DETECTION OF PATHOGENIC ORGANISMS 

In dic routine bacteriological examination no attempt is made to identify 
the species of bacteria present in milk. However it is often desirable to 
make special examinadons to discover wlicdier fecal contamination lias 
occurred. Fresh milk may, widiout prejudice, be found to contain small 
numbers of coliform bacteria but diere should be none in pasteurized milk 
nnd if found these organisms would indicate cidicr: (a) a defect in die 
pasteurizing process, or ( b ) pollution of die milk after pasteurization. 
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Pentoses in unne, 2L 
Bial's test for, 21 

orcinol-hydrochlonc acid reaction in, 
21 

Pepsin digestion of muscle for trichinosis, 
6SS 

Perianal snubbing, 687 
Pericardial fluid, fe3 

collection of, specimens of, 411 
Peritoneal fluid, 89 
Peroxidase stain, 104 
Petroff’s medium, 401 
pH. See Hydrogen ion determination, 

171 

activity of hydrogen ion, 161 
buffer action, 162 
solutions, 163 

indicators, characteristics of, 168 
numbers, methods of determining, 163 
acid-base indicators, 164 
colonmetnc method with stand- 
ards, 164 


of cult 

300 

electrometric method, 3S9 
methods for, 389 
of unne, 182 


nienoisinionephthalein test in kidney func- j 
tion, 39-43 
interpretation of, 41 
in urological examinations, 42 
Phialophora, 373 
PWe6otomus,j08 
chtnerms, 708 
papalasn, 70S 
pemtcioiut, VOS 
tergenii, 708 
verrucantm, 70S 
Phormta reaina, 712 
Phosphate buffer solution, 3S7 
Phosphates in blood, 215 
in renal calculi, 183 
in urinary calculi, 183 
m urine, 182 

normal values of, in blood, 242 
Phosphatase, alkaline, normal % alues of, 
242 

Phosphorus, 326 
Photoelectric fluorometer, 235 
Photo iluoromcter, 236 
Phthalate-HCJ mixtures, 170 
Phthalate-NaOH mixtures, 170 
Phthirut, 701 
pubu, 700 

Physical examination of gastnc juice, 60 
Phj si o logical salt solution, 3S7 
Phjlomojui*, 649 
Picric acid, 328 
reagent, 329 

Pierolonic acid reagent, 329 
Pmta, 519 


Pinworm, 665, 671 
Pipets, 148, 150 
calibration of, 150 
Mohr, 149 
Ostnald-Folin, 148 
transfer, 149 

PiropUuma bigeminum, 753 
cants, 753 


23 

Plasmodium falciparum, 627^630 
diagnostic characteristics of, 635 
malanx , 627, 630, 633, 634 
diagnostic characteristics of, 635 

COT CTO r ‘ 


ns tics of, 635 
8 

.,329 


specimens of, collection of, 411 
Pleuropneumonia group, 523 
Plotz, Harry, 8, 553 

Pneumococci, agglutination test for, 427 
“artificial mouse" method, 429 
culture of, 428 

examination of clinical materials for, 425 
media for, 394 
mouse inoculation for, 429 
precipitation tests for, 427 
serological determination of, 426 
types of, 426 
PoJtilocytosis, 116 
Poisoning, 317 

and disease, symptoms common to, 316 

by borates, 340 

by bromine, 341 

by carbon monoxide, 341 

by chlorates, 341 

by chlonne, 341 

by fluondes, 341 

by iodine, 341 

by mineral acids, 340 

by mtntes, 341 


cyanides, 325 
Liebig's test for, 325 
Prussian blue test for, 325 
detection of, 322 
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, I 

, ) 

I 

specimens of, collection of, 614 
staining of, 615, 616 
Prussian blue test for cyanides, 325 
Pteudomonas, 454 
xruginosa, 454 
PioropAora aliata, 70S 
Piychoda, 70S 
Psychodidx, 70S 
Pulex imtani, 701 
Purdy's test for albumin, 20 
Pyogenic streptocoici, 433 
PjTamidon, 32S 
Pyridine, tests for, 333 


Q 


“Q” fever, 559, 570 
American, 560 
Australian, 560 
vectors of, 570 

ualitative Receptor Analysis" nictliod, 
80 


Kahn test’ 12&29 ** ’ 

determination of units 
test for Bence-Jones protci 
urinalysis, 172-184 
Quartan malaria, 633 
Queensland coastal fever, 56( 
Quinacrme hydrochloride, 
of, m blood, 235. 23 
in plasma, 238, 239 
in unne, 238 

Quinine, determination of, in . 
m unne, 348 
tests for, 334, 335 


R 

Rabies, 753 

Randall, Raymond, 8, 288, 747 
Rantzman test for acetone, 73 
Rat flea, European, 701 
Rat tapeworm, 666, 677 
Rat-bite fever, 521 

(Sodoku), spirochete of 
Rates and ratios, 761 
Raw milk, 531 
water, 549 

Reactions, false positive 
138 

biologic, 139 
technical, 139 
oxidation, 158 
reduction, 158 


of, 43' 

pathology m non-protein nitrogen reten- 
tion, 47 

Residual chlorine in sewage, analysis of, 2S6 
Residue on evaporation in water, analysis 
of, 260 


571 

Rickettsial complement fixation, 576 
antigens for, 576 
preparation of, 577 
cultures, 573 

agar tissue method of, 574 
semi -sol id medium 574 


Ringw orm, 752 
Roberts test for albumin, 19 
Robertson's medium, 394 
Robinson, Elliott S , 8, 11 
Rocky Mountain spotted fever, 559, 560, 
567, 569 

scrotal necrosis in, 569 
vectors of, 567 
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Sewage, residual chlorine in, 286 
samples, collection of, 277 
methods of sampling, 278 
quantity of, 278 
preservation of, 278 
representative, 277 
solids m, suspended, 285 
in, total, 285 


I Sodium citrate-sodium chlonde solution, 
387 


Soft bodied ticks, 719 
I Solids, suspended, in sewage, analysis of, 

I 285 


removed from the shell, 
examination of, 536 
Shellfish-growing waters, 
examination of, 536 
Shevky-Stafford tube, 172 
method for albumin, 172 
Shiga bacillus, 476 
Shigella, 475 
alkalescent, 477 
ambigua, 477 
ceylonensis, 477 

characteristics of important species of, 
477 

dispar, 477 
dysenUrix, 476 
madamvensis, 477 
media for, 395, 397,402,414 
paradusentenx, 476 

Andrewes' classification, 4/0 
Boyd’s classification, 476 
Flexner type, 476 
Park-Hiss-Russell type, 4/6 
Strong type, 476 
"V" type, 476 
“W" type, 476 
“X” type, 476 
“Y” type, 476 
“Z" type, 476 


Simmons' citrate agar, 393 

reaction of intestinal bacilli on, 
479 

Sunulnda;, 709 

Simulium caUtdum, 710 
damnosum, 710 
meridionale, 710 
metalhaim, 710 

410 1 

~ structural details used m classification of, 


in transudates, 89 
Spermatozoa in urine, 32 
Spbcrocj tosis, 116 
Spiders, 716, 721 
black widow, 721 
morphology of, 716 
Spinal fluid. See Cerebrospinal fluid. 
Spirillum minus, 521 

animal inoculation for, 522 
examination of clinical materials for, 
522 

Spirochzla, 511, 512 
buccalis, 515 
morsus muns, 521 
Spirochxle pallidum, 512 
Spirochataces;, key to the genera of family, 

Spirochete of rat-bite fever, 521 
of relapsing fever, 514 
Spironema imcenii, 514 
Spores, stains for, 3S6 
Sporotrichosis, 373 
Sporozoa, G05, 624 
Sporozoites, 629 
as antigens, 648 
films for, fixation of, 643 
staining of, 643 
identification of, 642 
Spotted fever group, vectors of, 568 
Sputum, SC 
bacteriology of, 86 
chemistry of, 87 
macroscopic examination of, 86 
microscopic examination of, 86 
" heart-fad ure-cells” in, 87 
specimens of, collection of, 411 
Stabile, Joseph N., 8, 2SS 
Stable fly, 711 
Stains, acid-proof w ood, 35S 
aniline blue, 740 
Bismarck brow n, 3S3 
carbolfuschin, 3S3 
Churchman's capsule stain, 3S5 
differential, 3$4 


INDEX 
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Stains, fat, 737 
for acid-fast bacteria, 3S5 
Campbell’s, 737 
for amyloid, 744 
for blood films, 102 
for capsules, 385 
for C. diphtheria ?, 384 
for elastic tissue, 742 
for fat, 737 
for flagella, 3S5 
for hemosiderin, 744 
for mycobacteria, 385 
for Negri bodies, 753 
for nerve cells, 743 
tissue, Campbell’s, 743 
for protozoa, 015 
for spirochetes, 386, 738 
for spores, 380 
for table tops, 358 
for tissues, 733 
fat stains, 734 
Oil Red O, 734 
Sudan III, 734 
Sudan IV, 734 
to* Treponema pallidum, 386 
Fontana’s, 3S6 
Goodpasture's, 738 
Gram’s, 384 
iodine, 384 

Harris' hematoxylin, 615 
Heidenhain's iron-alum hematoxylin, 
615, 616 

Hiss’ capsule, 385 

Johnson’s rapid iron-alum hematoxylin, 
616 

Loeffler’s alkaline methylene blue, 383 
Mallory’s ^phosphotungstic acid hema- 

Masson’s trichrome, 740 
Mayer's hemalum, 615 
methylene blue, 383 
Neisscr’s for C. diphtheria, 384 


ZieUl-Neelsen, 385 
Standard Kahn test. 125-123 

antigen in, 125 - 

suspension, measuring ol, low 
preparation of, 120 
interpretation of results of, 1J7 
supplementary, 1-7 
with serum, 120 — *„ _<• 

Standard Milk Ordinance and Code of We 
United States Public I j c,lt ( l '^ nl ’if^. 
Standard solutions, acid jwtassiu p 
pliate, M/5, 162 , , , »» e too 
acid potassium phthalate, • ' * 
alcohol, 342 | 

alkali solutions, 157 o-yi 

ammonia nitrogen, of *«» 

permanent standards, -o. 


I 


Standard solutions, ammonium sulfate 
201, 203 

ammonium thiocyanate, 181 
atabnne, 235, 230 

bone acid-potassium chloride, M/5, 
1G9 

bromide, 317 

bromsulphalein for liver function, 73 
buffer solutions, I6S-171 
calcium, 217 
calcium chloride, 261 
carbon monoxide, 228 
chlorine determination, in water, 268 
cholesterol, 210, 212 
cobalt sulfate for van den Dergh, 69 
colorimetry, use of, in, 195 
color, of water, 254 
copper sulfate, specific gravity, 1 100, 
223-225 

correction of volume of, 157, 158 
creatinine, 206 
definitions, 152 
glucose, 207 

hydrochloric acid, 154-156 

by constant boiling mixture meth- 
od, 154 

standardization against calcium 
' carbonate, 155 
with sodium carbonate, 156 
M/5, 170 

hydrogen ion determination by, 104 
indicator solutions, 151-152 
iodine, 159 
iron, 219 

feme for n atcr analysis, 27 3 
lactose, 293 
lead, 346 
nitrate, 259 
nitrite, 25S 
nitrogen, 201, 203 
pH determination by, 164 
phenolsulfonephthalein for kidney 
function test, 39 
phosphate, 215 
potassium chloride, M/5, 109 
chromate, 212 
dichromate, 159, 213 
dichromate for icterus index, 71 
permanganate, 15S 
preparation of, 154-109 
quinine, 241 
silver nitrate, 181 

for w atcr anal} sis, 2CG 
silver sulfate, 259 
nitrate, 259 
soap solution, 259 
sodium chloride, 209 

for water anal} sis, 206 
sodium hydroxide, 120 
M/5, 1C9 
nitrite, 25S 

sodium thiosulfate, 5)9 
starch indicator, 159 
6ii car, 207 
sulfonamides, 220 
sulfunc acid, 156 
thiamine hy dro chloride, 24 > 
turbidity, of water, 251 
tyro«me. 249 
unc acid, 177, 207 
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standard IIC1, ISO 


• technic in diagnosis of helminthic 
ccttcm, 6S6 

inch, empty rog time of, CO 
■ • loxyidm, 711 

— . - utryt cola tram, 711 

| StooL See Feces. 

- Stopcocks, fitting of, 357 
grinding of, 3-57 
loosening of, 356 
lubricants, 355, 356 


Staph ylococcut, 446 
albut, 448 
animal inoculations for, 449 
aureut, 447 
atreui, 44S 
epidermidu, 448 

examination of clinical materials for, 
food poisoning, 525 
media for, 414 

Starch digestion by duodenal Quids, 64 
Starvation, kidney function test in, 36 
Statistical methods, 761-TbS 
admission rates, 766 
case fatality-rate, 7G6 
coefficient of variation, 774 
probable error of, 774 
corrected death-rates, 763 
correlation, 775 

measurement of, 775 
partial, 7S2 
simple, 775 
table of, t <6 
crude rates, 762 
frequency distributions. 769 

corrected moments about the mean, 



standard deviation, of scatter, 772 
probable error of, 1 t 2 
infant mortabty-rate, 766 
linear regression, 77S 
mean, 772 

means, moments about the, < < t 
median, n3 
mode, 1 1 3 

non-cffective rates, 767 
probable error of difference, 784 
of rates, 705 


I 


biochemical reactions of, 431 

tom, 432 

crcmorit, 432 

divisions of, 432 

durum, 432 

cqui, 432 

(quinus, 432 

examinations of clinical materials for, 435 
fccalu, 432 
food poisoning, 525 
hemolytic action of, 430 
htnud’jtiaa, 432 
isolation of, 436 
lactic, 434 
lactu, 432 
Uqu/Jacicm, 432 
matiUidit, 432 
media for, 394, 424 
morkxUi, 433 
p-jogt nei, 432 
pyogenic, 433 
taitranut, 432 
serological grouping of, 437 
groups and types of, 431 
Ifaiywphilm, 432 
nridam, 433 


rates, 761 
corrected, 763 
admission, 766 
case fatality, 766 
death, standardized, 764 
non-effective, 767 
probable error of, 765 
crude birth-rate. 7G2 
death-rate, 762 
morbidity-rate, 762 
specific, 762 

used in the mil itary services, 766 
ratios, 76S 

significant ^differences, 7S4 
skewness, 773 
standard deviation, 772 
standardized death-rates, 764 
X* test, 784 

Sterling’s gentian violet, 73S 


j in cerebrospinal Quid, 249 

molj bdate-phosphate solution, 203 
standard solutions, 207 
l normal values of, in blood, 242 
i m cerebrospinal fluid, 251 
, Sulfadiazine m unne, 29 
1 Sulfaguamdine m unne, 29 
1 Sulfapjndine crystals in unne, 23, 29 
Sulfasuccidine cry stals in unne, 29 
Sul fa tea in water, mineral analysis of, 275 
| Sulfatfuazole crystals in unne, 2S, 29 
Sulfonamide, acetyl denvatives of, m 
unne, 27 

crystals in unne, 27 
1 determination of. in blood, 219 
J in renal cal cub, 1S4 
id unnary calculi. 184 
in unne, 28, 29, 1S2, 220 


INDEX 
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Sulfonamide in urine, tests for, 349 
Sulfosalicylic acid method for protein in 
cerebrospinal fluid, 93 
Sulfuric acid-dichromate cleaning solution, 


in transudates, 89 
Syphilis, 511 

complement-fixation test for, 124 
sero-diagnosis of, 124-139 
false positive sero-diagnostic mictions, 
138-139 

Kahn test w ith spinal fluid, 129-131 

IColmer-Wassermann complements fixa- 
tion test u it h scrum and spinal fluid, 
131-138 

quantitative Kahn test, 128-129 
standard Kahn test in, 125-128 


Ticks, classification of, 7 1 i 
dog, 7 IS 
liatd bodied, 717 
“lone star,” 719 
soft bodied, 719 
nood, 717 

issues, ha 1 mo flagellates of, 048 
micros' n pic examination of, 733 745 
■tration oi antigen, 13G 
of complement, 135 
of heinoljsin (amboceptor), 134 
of stoi k gold Milution, 93 
use of indicators in, 167 
Titrimetnc analjsis, 141 
indicators for, 151 
methyl orange, 151 
mcthjl red, 132 
phcnolphthalem, 131 
table of, 152 
tropeolm D, 151 


T 


Tabanid,e, 710 
Tabanus, 710 
alratus, 710 
costalis, 710 
nemoralis, 710 
punclifcr, 710 
striatus, 710 
stygius, 710 
tftcartus, 710 

Tabardillo of Mexico, 5G0 
Tablets, analyse of, 349 
Txnia sagmata, G6G, GTS 
solium, G78 

Tallqvist method for hemoglobin, 110 
Tannliauscr and Andersen quantitative rc- 


410 
1 volu- 


metric solutions, 157 
of sewage, 278 
Test tubes, plugging of, 3S2 
storage of, 382 
wrapping of, 382 

Tetanus bacillus, 4SS _ 

examination of clinical materials lor, * oj 
toxin in brotl i cultures, demoustrat 


burets, 151 
pipets, 150 
volumctricflasks, 150 
use of, 148 
burets, 149 
pipets, 150 


I Tonila. 372 


outline of, 321 

preliminary information, 321 
references on, 331 
special methods in, 312 
specimens for, 318, 320 
amounts of, 31S 
containers for, 31S 
continuity of posses-um of, 320 
labelling of, 320 
preservation for, 320 
cMf-il'illlr nf 318 


410 


w hole blood, 247 


cattle, 719 


410 


I Transfusion and human blood groups, 120- 
123 

Transud.it* s, £»S 
albumin in, SS 
appearance of, SS 
ciiaracUn-tics of, 80 
h\ if at id cj*l Hind. 90 
lijdrocile fluid, 89 
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Transudates, characteristics of. pancreatic 
cyst fluid, 00 
pericardial fluid, SO 
peritoneal fluid, SO 
pleural fluid, S9 
spermatocele fluid, SO 
synovial fluid, SO 
diflerentiation of, SS 
microscopic examination of, 8S 
specific gravity of, S8 
spontaneous coagulation of, SS 
Trcmaloda, COO 
Trench fever, 550, 571 
7'reponcma, oil, 516 
brucct, 657, 650 
earalfum, 510 
cruzi, 652, 657 
cultivation of, 661 
diagnostic methods for, 1*50 
curnculi, 517 
equiperdum, 650 
evansi, 659 

S amlnense, 652, 657 i 

i ppicum, 659 , 

pallidum, 516 I 

examination of clinical materials for, | 

516 

microscopic, 517 

darhfield examination (dire. 

517 

indirect, 517 
stained films. 3S6, 3S7, ». 
serological testa, 517 
blaming technics for, 3S0, 3S7, 517, 73S 
pertenue, 516, 518 
rhodesiense , 657 
solium, 666 
nncenlt, 514 
Tnatoma, 700, 715 
dimuiicUa, 715 
tnegisla, 715 _ 
protracta, 715 
sangutsuga, 715 


spiralis, 665, 672 
worm, 665, 672 

Trichloracetic acid precipitation, 200 
Tnchocephalus tnchiurus. 665, 667 
Trichomonas homtnts, 612 
lenax, 613 
vaginalis, 611 

Trichophytosis, diagnosis of, 369 
Tnchuru Inchtura, 665, 667 
Trip scales, 142 
Trombicula, 721 
akamushi, 721 
av.tumna.lis, 721 
deltensis, 721 
hirsli, 721 
i mtans, 721 

Tropical or scrub typhus, 5G0 
rat mite, 720 
Trophozoite, 62S 


Trussell and Plaas media, CIS 

Trypanosoma, 640 
orucet, 752 
equiperdum, 752 
evansi, 752 
hippicum, 752 

Trypanosomes of animals, 662 
oi man, 662 

Trypanosomiasis, 64S, 752 
antigen, 757 

cultivation procedures, 65S 
diagnosis of, 657 
diagnostic procedures for, C5S 
Brutsacrt and Henrard’s medium, CSS 


fever, 559, 560 

Tubercle bacilli, examination of, clinical 
materials for, 501 


intradermal, 503 

Tuberculous meningitis, presumptive test 
for, 93 

Tularemia from plague, differentiation of, 
4C3 

*,• « 710 

, 54 


of water, 254 

by Fuller’s earth method, 254 
by platinum wire method, 355 
Typhoid bacillus, 474 
fever, 474, 559, 561 
group, media for, 395 
Typhus fever, 561 
vectors of, 561 


Ulcerative lymphangitis, 752 
Urates in renal calculi, 1S3 
in urinary calculi, 1S3 
Urban typhus of Malaya, 560 
Urea clearance test, as measure of renal 
function, 43 
factors influencing, 44 
m acute nephritis, 46 
in arteriosclerotic Bnght’s disease, 
46 

in cardiac decompensation, 46 
in chronic glomerulonephritis, 46 
in essential hypertension, 46 
in kidney function, 36, 43-46 
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Urea clearanco test in lipoid nephrosis, 4G 
in pregnancy, 46 
in uremia, 46 
interpretation of, 45 
.. procedure in. 44 
Urea nitrogen, 174 

colorimetric method ui, 174 
acetate buffer mixture, 174 
in blood, 203 

standard nitrogen solution, 203 
Aessler s solution (Folm’s), 203 
normal concentration in blood, 47 
values of, 242 
potassium gluconate, 203 
persulfate, 203 
retention, 47 
in renal disorders, 47 
urease, 203 I 


Urinary calculi, phosphates in, 1S3 
physical examination of, 182 
sulfonamides in, 381 
urates in, 183 
urine in, 1S3 
sediment, 20, 28 


urate, 27 

amorphous phosphate, 27 
urates, 27 
calcium oxalate, 27 
cystine, 27 
leucine, 27 

neutral calcium phosphates, 27 
sulfonamide crystals, 27 
frmlo nlinsnhnfe crystals. 27 


in renal calculi, 183 
m urinary calculi, 183 
normal limits of, in blood, 48 
values of, 242 . 

reagent, 177, 207 
standard uric acid solution, 177 
tT urca-cyamde solution, 177 
Unnalysls. 15-33 
chemical, routine, 19-25 
chemical, quantitative, 172-184 
microscopic, routine, 2G-32 
microscopic, quantitative, 32, 33 
Physical, 17, 18 
qualitative, chemical, 19-25 
quantitative, 172-184 
quantitative, chemical, 172-184 
albumin, 172 
ammonia nitrogen, 1 76 
. atabrinc, 238 

Bence-Jones protein, 172 

chlorides, 181 
creatine, 178 
creatinine. 178 
ethyl alcohol, 182 

hydrogen ion concentration, 182 
inorganic phosphate, 182 
pH of unne, 182 
renal calculi, 182 
sulfonamides, 182 
total acetone bodies, lou 
total nitrogen in urine, 
urea nitrogen, 174 
uric acid, 177 
urinary calculi, io- 
quantitative, microscopic, 

Unnary calculi, ammonia in, i 
analysis of, 182 
calcium in, 183 
oxalate in, 183 
carbonates in. rod 
chemical examination or, 
cystine in, 1&4 
magnesium in, i^ 


acid, 27 

Addis counts, 32, 33 
albumin in, 19 
Boston method, 19 
Exton’s reagent, 20 
test, 20 

heat and acetic acid test, 19 
magnesium sulfate ring test, 19 
mucin and, 19 
mtnc acid test, 19 
Osgood-Haskins test, 20 
Purdy test, 20 

recording results of tests for, 20 
Roberts’ reagent, 19 

test, 19 

sulfosaJicyhc acid test, 20 
alkaline, 27 
animal parasites in, 32 
appearance of, 17 
color, 17 
transparency, 17 
artefacts in, 32 
atabrinc in, 238 
bacteria m. 32 

beta-hydroxj butyric acid in, -A £■* 
bile acids in, 25 
bile in, 24 

pigments in, 24 
blood in, 25 
bloody casts, 23 
bromides in, test for, 347 
calcium oxalato crystals, 28 
phosphate cry stals, 28 
casts in, 30 
cellular casts, 30 
chemical examination of, 19-25 
colli etion of, 15 
color of, 17 
cyhndroids in, 28. 31 
diacctic acid in, 22, 23, 21 
epithelial cells in. 29, 30, 31 
in throey tea in, 30, 31 
ethyl alcohol in, 182 
examination for helminths, GS7 
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EXAMINATION OF MILK AND DAIRY PRODUCTS 


Pathogenic bacteria may also be present for milk can transmit tuberculosis, 
typhoid fever, septic sore throat, scarlet fever, diphtheria and undulant 
fevers. Therefore in the examination of milk it may be necessary to look 
for the organisms responsible for such diseases. 

I. Coliform Bacteria.— The presence of these organisms which may be 
taken as an indication of fecal pollution, is determined by methods similar 
to those recommended for the examination of water. 

II. Tubercle Bacilli.— Centrifugalize 30 cc. of the milk at high speed and 
collect the lower 10 cc. with the sediment. Inject 3 cc. amount of this 
subcutaneously into each of two guinea pigs and a rabbit Collect 4 cc. 
of the cream, thin with a little sterile water and inoculate like portions 

1 ‘ '• * . * , pigs and a rabbit As some of the other 

. “butter” bacillus,* may also cause lesions, 

. . .'.3m those due to tubercle bacilli to avoid 

error. This may be done as follows: (a) Inoculate glycerol agar with 
material from the lesions and incubate at 37° C. The confusing acid-fast 
bacteria usually form colonies within a few days while tubercle bacilli do 
not (6) When ready to test the animals, inoculate 2 cc. of old tuberculin 
into each. The tuberculous animals will die within a day. Also if virulent 
tubercle bacilli are present the typical lesions should be easily recognized. 

III. Typhoid Bacilli.— Milk may be examined for Eberthella typhosa or 

other related organisms as follows: (a) Centrifugalize a portion of the milk, 
combine the cream and sediment and with this inoculate eosin-methylene 
blue agar plates, and nutrient broth (see page 478); ( b ) Incubate the 
remainder of the specimen and at intervals make transfers to the media 
indicated above. Transfer selected colonies to fresh media and identify 
the organisms as outlined under Eberthella. The same technic may be 
used to isolate Salmonella from milk and the possibility that Shigella may 
be present must not be overlooked- For the isolation of these two groups 
the Salmonella-Shigella agar should be used instead of the Wilson-BIair 
medium. # # 

IV. Streptococci. — Hemolytic streptococci are found in the udders and 

milk of cows even when kept under the best conditions, but the alpha 
< . * 1 1 * , * is the beta type. It is difficult to dis- 

, -the saprophytic streptococci and those 

It has been suggested that the organisms 
responsible for milk-bome human infections are probably always derived 
from cows in which the udder has been infected from human sources, or 
- from milk contaminated by human beings. The streptococci causing septic 
sore throat and scarlet fever are transmissible through milk. They may 
be isolated for study by the technic outlined^ below for diphtheria bacilli 
and identified as indicated under Streptococci. 

V. Diphtheria Bacilli,— Contamination of milk with diphtheria bacilli 
can usually be traced to some human source. In examining suspected 
samples for C. diphtheria, centrifugalize the milk and use a mixture of the 
cream and sediment for the inoculation of blood agar plates. Examine 
stained films made from individual colonies, and transfer typical growths 
to fresh media for isolation and identification. 

* Sfyco huiiula now includes a variety of incompletely described ‘'species” from the 
environment, including butter. 
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INDEX 


Urine for toxicological analysis, 318 
fructose in, 21 
glucose m, 20, 21, 178, 179 
Benedict method, 20 
qualitative, 000 
quantitative, 17S 
colorimetric method, 179 
glycosuria, 21 
granular casts, 28, 30 
hemoglobin in, 25 
hyaline casts in, 28. 30 
in acute nephritis, 17 
in diabetes insipidus, 17 
m diabetes mellitui, 17 
in diarrhea, 17 
in fevers, 17 
in heart failure, 17 
in nocturnal polyuria, 17 
in uremia, 17 
indican in, 21 
lactose in, 21 
lead in, 315 
leucocytes in, 30, 31 
microscopic examination of, 2G--33 


uireaus, 2* 
neutral, 27 

"no-threshold” substances in, 31 
odor of, 17 

organized sediments in, 2(5, 29 
pentoses in, 21 

physical examination of, 17-18 
preservation of, 15 
pus cells in, 30 

' quantitative microscopic examination, 
interpretation of, 33 
specimens for, 32 
quantity of, 17 
quinine in, 318 
reaction, 17 
litmus paper, 18 


Urine, specimens of, preservation of, for- 
mula of Assn. Life Insurance Doc- 
tors, 10 

with formaldehyde, 10 
with toluene, 16 
with thymol, JG 
single, 15 

twenty-four-hour, 10 
spermatozoa in, 31, 32 
squamous epithelial cells, 2S 
sulfaguamdine crystals in, 29 
suifapyndme crystals in, 28, 29 
suJfasuecidine cry state in, 29 
suJfathiazole crystals in, 2S, 29 
sulfonamide crystals in, 27 
sulfonamides in, 182 
tests for, 31 

"threshold” substances in, 31 
total nitrogen in, 173 
Kjcldahl method, 173 
toxicological examination of, 319 
triple phosphate crystals, 28, 31 
unorganized sediments, 2G 
uric acid crystals, 31 
(yellow) crystals, 28 
urobilin, 25 
urobilinogen in, 25 
waxy casts in, 2S, 30 
yeast cclte in, 32 
Urobilin, 25* G9 
Urobilinogen, 25, G9 


V 

Vaccines, autogenous, 103 


401 


tests of, -JOG’ 
toxicity of, 40G 


r . 

selective rcabsorption of solutes in, 31 
theory of, 34 
Bowman, 34 

Cushny, 31 

Ludwig, 34 

specific gravity of, 18 -hole 

“ Immiscible Balance” for, IS 

in diabetes insipidus, 18 . | 

in diabetes melhtus, IS ■ 

in diarrhea, 18 
in fevers, 18 
pyknometer for, 18 

unnometcr method for, 18 . • 

Westphal balance for, 18 »iuiu, on 

specimens of, 15 of malaria, 706 

catheteraed, 16 of "Q” fever, 570 

collection of, 412 of Rocky Mountain spotted fever, 507 

containers for, 16 of spotted fever group, 5GS 

day and night, 15 •'* ‘ " * 

preservation of, 1G 
by chemicals, 1G 

by refrigeration, 1G . r 
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INDEX 


Vitamin A determination of, in serum, 
243 

Vitamin Bi content of norms! blood, 247 
determination of, in blood, 244, 248 
Vitamin C, determination of, in blood 
plasma, 248 

— ‘ : -"a *»l<*ssware for, 246 


nasas, xo o 

glassware, calibration of, 149 
grades of, 148 
use of, 148 

solutions, standard, 152 
molar, 152 
normal, 152 
acid. 152 
alkali, 153 
oxidizing, 153 
reducing, 153 

temperature correction for, 157 
preparation of, 154 
acidimelry, 1&4 
alkalimetry, 154 
lodimetry, 158 
oxidation, reactions, 15S 
reduction, 158 

Vomiting, continued, kidney function teat 
in, 36 

Von Kossa'a stain for calcium, 745 

W 

Wagner's reagent, 329 
Wallace and Diamond test for urobilinogen 
and urobilin, 25 
Wallhsuser'8 reagent, 23 
test for acetone, 23 
Warble flie9, 714 

Warthin-Staiy staining method, 738 
Wassennann complement-fixation test, Kol- 
modification of, 124 

. — .1 RKLinn 


required tests, 540 
samples, for, 539 

testa for coUform bacteria, 541-544 
completed test, 541, 543 
confirmed test, 541, 542 
presumptive test, 541 
selection of tests, 641 
total bacterial count, 640 
chemical, 255-271 i 
acidity, 264, 265 ^ v * * 

albuminoid nitrogen, 25S • *, \i 

alkalinity, 263 . . 

procedure with erythrodno, 263 " 
with methyl orange, 263 
with phenophthalcm, 263 
ammonia nitrogen, 256 


Water analysis, chemical, ammonia, pe: 
xnanent standards for, 257 
carbon dioxide, 265 
chloride, 266 
' chlorine, 267 

interfering compounds, 267 
standards, 26S 
dissolved oxygen, 269 

collection of sample, 2G9 
Rideai-Stewart method, 269 
WmkJer method, 269 
expression of results in, 253 
heavy metals, limits of tolerance ii 
277 

mineral analysis, 271-275 
calcium, 275 
hydrogen sulfide, 274 
iron, 273 

permanent standards for, 274 
total, colorimetric method, 273 
magnesium, 27D 
potassium, 276 
silica, 2 72 

color standards for, 272 
colorimetric method, 272 
gravimetric method, 272 
sodium, 276 
sulfate, 275 

physical examination, 253-255 
color, 254 

preparation of standards, 254 
odor, 253 
turbidity, 254 

by Fuller’s earth method, 254 
by platinum wire method, 254 
sampling, 252, 539 
quantity required, 252, 539 
representative samples, 252, 539 
tune interval between collection and 
examination, 252, 539 
standards for potable waters, 276-277, 
546-548 

Water, eewage, and industrial wastes, 252- 
2S7 

simple, quantitative colifonn calcula- 
tion, 545 

Water supply, sanitary analysis of, 252 
volume of, in air, 150 
weight of, >n air, 150 
Water test in kidney function, 38 
Waters, acceptable chemical characteristic, 
of, 276, 277 J ® 

physical characteristics of, 276, 277 
grossly polluted, 277-287 
. polluted. -See. Sewage. 

Watson’s quantitative determination f 0 
urobilinogen, S3 
‘.Weigerl's hematoxylin, 740 
‘ iron hematoxylin, 734 
Weight of v ater in air, 150 
Weil-Fchx agglutination, 
in' ricketuiai d 
test. a. - 
Weils d 
;WdeV 
West 
Wh 
W* 

W 
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VI. Brucella. — Centrifugaiize the milk and use a mixture rf cream and 
sediment for inoculation on plates of liver infusion agar and tryptose agar 
containing crystal violet in a final dilution of I to 700,01)0 (the dye inhibits 
the growth of many Gram-positive organisms commonly found in milk). 
Incubate at 37°. C. in an atmosphere containing 10 per cent COz (the 
aerobic species Br. suis and Ur. mclii crisis will not be inhibited by the COj, 
Br. abortus requires it) for five days. It is difficult to isolate these organisms 
from milk if streptococci are present. Inoculate 5 cc. of the centrifugalized 
cream intraperitoneally into each of two 250-grn guinea pigs and inoculate 
5 cc. of sediment suspension into each of two other guinea pigs. If the 
animals survive six weeks they should be saciifircd and the liver and spleen 
examined for lesions. After isolation of the organisms from the cultures or 
animals identify by the method outlined under Brucella. It is also possible 
to show the presence of agglutinins for th* undulant fever organisms in 
the milk of infected animals. 



CHAPTER XXIX 
EXAMINATION OF SHELLFISH 
By Lelaxd W. P.utit 

-Vs oysters and other shellfish have been incriminated as the source of 
epidemics of typhoid and other enteric infections, bacteriological examina- 
tions may at times be desirable in determining their sanitary condition. 
A committee of the laboratory section of the American Public Health 
Association has just reported on the subject under the title "Bacteriological 
Examination of Shellfish and Shellfish Waters” (American Journal of 
Public Health, 1943, 33, pp. 582-591 [May]). A new "Standard Methods” 
will shortly be published. 

The terra “shellfish” as the committee uses it refers to oysters, soft- 
shell clams, quahaugs and mussels. The Crustacea— shrimp, crabs, 
lobsters, etc.— are not included as “shellfish,” and there is for this group of 
foodstuffs no official standard procedure. This docs not mean there are 
no sanitary problems or controls in connection with these foodstuffs for 
such "hand-picked material is of necessity subject to pollution and 
without due supervision may be processed under unsanitary conditions. 

>m biological studies of shellfish and the 
cial problems are involved. Under certain 

.. .. -c not only a quantitative estimate of the 

coliform bacteria but of live relative proportion of Escherichia coli present.” 


for Escherichia coli. 

The coliform group is considered, in this connection, "as including all 
organisms which, upon transfer from a positive presumptive test (gas 
positive in lactose broth), 
medium containing 0-0015 

bile (brilliant green-Iactos _ _ .... — . - — 

sidered to be any member of this group which in pure culture fails to 
grow in Koser’s citrate medium within twenty-four hours, or which shows 


that in these examinations the aim is to arrive at an idea of the number 
of coliform bacteria present and whether citrate-negative, Eijkman- 
positive Escherichia coli is the species represented or to what degree it is 
present. ( Each . coli, so characterized is presumed to be evidence of fecal 
pollution.) Ten oysters are selected, cleaned ami opened. Each is cut into 
ten equal pieces and combined with the shell liquor. This is shaken thor- 
oughly with glass beads and an equal volume of sterile distilled water 
added with additional shaking. The material is then allowed to settle for 
( 538 ) 
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fesunerttan?' n£H hct ? SC - b , 10 ‘ h 'ul,,s i„„™k to | ,,d, 

™ supernatant (15 tubes: 5 with 2 ce.. 5 with l c c of a 1 in 10 dilution 

number ’ of S} *° T d “°">' Caleuletiom of die “most probable 
results observe,!'?™ ix f tem I ,restnt are made from the fcrr.ient.it, 'on 
results ™ f f 0 * m ° re than fort y-c« ht hours. (Formerly the 
results.) ex P ressed m terms of a ‘•Score” calculated from tiie test 

gremdaetat^l “-*«***5« “ conformed” by transfer to brilliant 
broth a , nd 1,10 d “b'nosfa of Eschcrichm coli is established 
„rou th I Hr 01 * e , 0S1 ?' met hyIene blue agai and testing a pure culture for 
atSc 0Ser3Cltr3te,nedium and in modified Eijkman lactose medium 

"! aters may be examined by regular water analysis 
t : 0 re Provided that the metliod used provides the proper infonna- 
i ,, mos ~ probable number" of coliform bacteria per 100 cc. of sample 
m l or the demonstration of Escherichia coli. The examination of 

.if,,, oysters is made in an analogous manner to that for "shell 
in i inasmuch as Hoskin’s tables of Most Probable Numbers arc used 
calculatmg results in botli shellfish ami water analysis as at present 
erpreted these tables arc included here. (See Tables 7 ( and 75.) 

Table 74.— Most Pjiouadle Numdahs (Hosxiss) 

<*t probable Dumber* per 100 cc. of sample, planting \anuua portion* in not ruor* (ban 3 dilutin''*-) 

Combination* of por- Number of nun me Cumbmstioi » ol po/tior-a 

. tions planted in cc. tube* in dilution* I lauted n <c. 


542 


WATER AND SEWAGE 


as much medium as the amount of water to be tested. When required to 
examine larger amounts than 10 cc. as many tubes as necessary shall be 
inoculated with 10 cc. each. 

The portions of the water sample used for inoculating the lactose broth 
fermentation tubes will necessarily vary in size with the character of the 
water under examination. When examining water for evidence of con- 
formance to the United States Public Health Service standards inoculate a 
series of five lactose broth fermentation tubes, each with a 10 cc. portion 
of the sample (see page 547). When examining water of questionably 
potable quality use appropriate gradations which may go as low as 0.01 cc. 
or even involve dilution. In general, the largest portions selected for 
sampling should result in gas production in all or most of the broth tubes 
into which they arc inoculated whereas the smallest portions should pro- 
duce no gas in all or the majority of the broth tubes into which they are 
planted. In such analyses there are usually more than two quantitative 
portions, c. g., 10 cc., 1 cc., 0.1 cc. and 0.01 cc. 

(b) Incubation and Heading.— Incubate these tubes at 37° C. for forty- 
eight hours. Examine each tube at twenty-four and forty-eight hours and 
record gas formation. The records should be such as to distinguish between: 

(1) Absence of gas formation. 

(2) Formation of gas occupying less than 10 per cent of the inverted 

vial. 

(3) Formation of gas occupying 10 per cent or more of the inverted 

viol. 

More detailed records of the amount of gas formed, though desirable 
for the purpose of study, are not necessary for carrying out the standard 
tests prescribed. 

(c) Positive Presumptive Test.— Formation within twenty-four hours of 
gas occupying 10 per cent or more of the inverted vial in the fermentation 
tube constitutes a positive presumptive test. 

( d ) Doubtful Test.— If no gas is formed in twenty-four hours, or if the 
gas formed is less than 10 per cent, the incubation shall be continued to 
forty-eight hours. The presence of gas in any amount in such a tube at 
forty-eight hours constitutes a doubtful test, which in all cases requires 
confirmation. 

(e) Negative Test.—' The absence of gas formation after forty-eight hours 
incubation constitutes a negative test. An arbitrary limit of forty-eight 
hours observation doubtless excludes occasional members of the coliform 
group which form gas slowly. This is a problem as yet unsolved. In prac- 
tice since practically all fecal contamination is communal in origin the 
failure to reveal “atypical coliform" or “paracolon” bacteria is incon- 
sequential since in such increment of contamination there will undoubtedly 
be also present typical coliform bacteria which will produce gas and thus 
reveal the contamination. In theory fecal material coming from a single 
individual whose flora was “atypical" could be present and be completely 
overlooked. In such a case the count at 37° C. if made, should betray the 
situation. 

3. Confirmed Test.— The use of Enuos or eosm-methylene blue plates 
or of brilliant green-lactose-bile broth provides two methods for carrying 
further the analysis of the water sample for coliform bacteria, (a) Prepara- 
tion of Plates .— Make one or more Endo or eosm-methylene blue plates 



544 


WATER AND SEWAGE 


(d) Completed Test for Brilliant Green Confirmation.— It it is desired to 
complete the test when confirmation has been made using brilliant green- 
bile-lactose broth an Endo or eosin-methylene blue plate is streaked from 
the brilliant green Positive Confirmation. Colonies developing, if any, are 
subjected to the routine indicated in (a), ( b ) and (c) immediately above. 
Table 76 presents in outline form the procedures involved in the “Com- 
pleted Test.” 

Table 76.— Completed Test 


Inoculate lactose broth fermentation tubes and incubate 24 hours at 37° C. 


( 1 ) 

Gas produced 

I 

Transfer to 


’o gas or gas production doubt- 
ful, incubate additional 24 
hours 


(Either) Confirmatory (or) EndoorEMB 

liquid medium plate 

(Incubate 18 to 24 hrs. at 37 s C) 


Gas produced 
or doubtful. 
Continue 
as in (I) 


No gas produced. 
Negativo test. 
Coliform group 
absent 


Gas produced No gas produced. Typical 
| Coliform group colonies 

Transfer to Endo absent 1 

or EMB plates 
and continue as 

indicated— ■ 


Atypical 


(3) 

Transfer to 

Agar slant and lactose broth tube 
Incubate at 37° C. 


24 hours 

Gram stain a portion of agar slant 
growth if gas is produced 


No gas produced 
Coliform group absent 


Gram-negative rods present. 
No spores present. Com- 
plete test Coliform group 
present 


Gas produced 
of culture as 
through 


Gram-negative rods and/or spores 
present. Transfer portion of 
agar slant culture to confirma- 
tory liquid medium and incu- 
bate 48 hours at 37® C 


Transferportion . No gas produced 
in (3) and run Coliform group absent 


5. Selection of Coliform Tests.— When the laboratory worker elects to 
apply either the Presumptive, the Confirmed or the Completed Test for 
the coliform group he should be guided by the following basic considera- 
tions: . . , t 

(a) Com pleted . — Apply to the smallest gas-forming portion or portions of : 
(I) Any sample of drinking water upon which sufficient data are not 
available to justify the application of the Confirmed Test; 
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■ i? sample of drinking water upon which the previous records 
indicate the inapplicability of tJic Confirmed Test; 

(3) Any sample of drinking water which is being examined witJi reference 
to the U. S. Federal Security Agency Standard. 

W. Confirmed Test.— Apply to the smallest gas-forming portion or to 
all portions showing gas, from: 

(1) Any sample of raw water, water in process of purification, or water 
prepared for human consumption where a sufficient number of prior 
examinations have established a satisfactory correlation of the Confirmed 
Test with the Completed Test; 

(2) Miscellaneous samples from any other source when it is known that 
the Presumptive Test is too broadly inclusive. 

(c) Presumptive Test.— Apply: 

(1) In the examination of sewage, sewage effluents, or water showing 
relatively high pollution, where fitness for use as drinking water is not 
under consideration, and 

(2) In the routine examination of raw waters in purification plants, 
provided that records indicate that the Presumptive Test is not too inclu- 
sive for the production of data statistically comparable to that obtained 
upon the finished water. 

6. Quantitative Estimate of the Coliform Group.— In order that tests for the 
coliform group may have quantitative significance the following general 
principles and rules should be observed: (a) Ordinarily not less than three 
portions of each sample should be tested, the portions being even decimal 
multiples or fractions of 1 cc., e. g., 10, 1, 0.1, the selection of the volumes 
of the samples chosen conforming to the suggestions made above under 
“Presumptive Test.” The quantitative value of a series of tests is lost 
unless all or a majority of the smallest amounts tested have given negative 
results. ( b ) In recording a single test, it is preferable to record results as 
observed, indicating the amounts tested and the result in each, rather 
than to attempt expression of the result in numbers of organisms per cc. 

In summarizing the results of a series of tests, however, it is desirable, 
for the sake of simplicity, to express the results in terms of the number of 
coliform organisms per cc. or per 100 cc. There are two methods applicable 
to this situation. 

(o) Simple Quantitative Coliform Calculation .— The number of organisms 
percc. may be expressed as the reciprocal of the smallest portion (expressed 
in cc.) giving a positive result. For example, the result: 1 cc. plus, 0.1 cc. 
plus, 0.01 cc negative, would be recorded as 10 per cc. An exception 
should be made in the case where a negative result is obtained in an amount 
larger than the smallest portion giving a positive result; for example, in a 
result such as: 10 cc. plus, 1 cc. minus, 0.1 cc. plus. In such case, the 
result should be recorded as indicating a number of coliform organisms 
per cc. equal to the reciprocal of the portion next larger than the smallest 
one giving a positive test, this being a more probable result. Where tests 
are made in amounts larger than 1 cc. giving average results less than ' 
one organism per cc. it is more convenient to express results per 100 cc. 

In order that results as reported may be checked ahd carefully evaluated, 
it is necessary that the report should show not only the average number of 
organisms per cc., but also the number of samples examined; and, for 
35 
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each volume tested, the total number of tests made, and the number (or 
per cent) positive. A sample test shown in Table 7 7 illustrates the method. 


Table 77.— ItracLTa or Tests jx Amounts Designated. Indicated Xnois or 
Oboanisus or the Co lij-osm Gaocr 


10 ee. Ice. 

O.I ee. 

0 01 cc. 

Per ce. 

Per 100 < 

+ 

— 

— 

0.1 

10 

+ + 

— 

— 

1 0 

100 

+ + 

+ 

— 

10 0 

1.000 

+ + 

+ 

+ 

100.0 

10,000 

-f + 


+ 

10 0 

1,000 

Totals (for estimating averages): 

Average of five tests (adjusted to significant 

121.1 

12,110 

figures) : 



24.0 

2.400 


The result obtained by this method is sometimes called the I.N. ("Indi- 
cated Number”) value. 

(6) Most Probable Number.— A much more statistically satisfactory 
method of expressing results is to interpret the results in terms of the 
“Most Probable Number” of organisms present. The values calculated by 
Hoskins shown in Tables 74 and 75, are used for this purpose. In these 
tables where the terms low, mid and high are used at the head of a column 
they refer to the low, mid or high dilution and indicate respectively the 
greatest, middle and least portion of the original sample. The. most desir- 
able procedure for obtaining a single numerical value for a series of ana- 
lytical results is to express the results of each analysis' in 'terms of its 
M.P.N. (Most Probable Number) value and strike an arithmetical average 
of these values. It is mathematically incorrect to summarize the number, 
of positive tubes in the various dilutions for a number of samples from 
the same source on the same day or over a period of days and use an 
arithmetical average of the accumulated figures to determine a single 
M.P.N. for the series of samples. 

7. Interpretation of Colifonn Results.— The definition of the coliform 
group as given in Standard Methods includes organisms of both the so- 
called fecal and non-fecal types. At the present time, any attempt to 
evaluate a drinking water on the basis of a distinction between these two 
types is regarded as unwarranted. In case it is desired to make such a 
distinction it will be recalled that Escherichia coli is indol-positive, methyl- 
red-positive, Voges-Proskauer negative and citrate negative (Imvic 

-f -4 ) whereas Aerobacter aerogenes is Imvic f-+. An extremely 

wide gamut of intergrading types of colifonn bacteria are known to exist. 

The best recognized of these is Escherichia freundii which is Imvic — 4 h 

Dominant (whether pathogenic or nop groups of bacteria, such as the 
coliforms, have maintained their position of importance, in part at least, 

.. ■ dogical 

. „ _ ‘ . ’ which 

find a 

' . ■ , , ■ [nation 

, and only that on all occasions and in all circumstances. The coliform group ^ 
still remains our best indicator but the move begun some years ago to put 
great store by its break-down into species has not made recent headway. 

VI. Drinking Water Standards. —The following standards were adopted 
by the Federal Security Agency, December 3, 1942,' for drinking and 
culinary water supplied by common carriers in interstate commerce. 
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1. As to Source and Protection.— (a) The water supply shall be: 

(1) Obtained from a source free from pollution; or 

(2) Obtained from a source adequately protected by natural agencies 

from the effects of pollution; or 

(3) Adequately protected by artificial treatment. 

(6) The water supply system, including reservoirs, pipe lines, wells, 
pumping equipment, purification works, distributing reservoirs, mains and 
service pipes, shall be free from sanitary defects. 

2. A 3 to Physical and Chemical Characteristics.— The water should be 
dear, colorless, odorless and pleasant to the taste, and should not contain 
an excessive amount of soluble mineral substances nor of any chemicals 
employed in treatment. 

3. As to Bacteriological Quality. — The bacteriological examinations which 
have come to be generally recognized as of most value in the sanitary 
examination of water supplies are: 

(а) The count of the total colonics developing from measured portions 
planted on gelatin plates and incubated for forty-eight hours at 20° C. 

(б) A similar count of total colonies developing on agar plates incubated 
for twenty-four hours at 37° C. (or in some laboratories incubated forty- 
eight hours at 20° C.). 

(c) The quantitative estimation of organisms of the coliform group by 
applying specific tests to multiple portions of measured volume. 

Of these three determinations, the test for organisms of the coliform 
group is almost universally conceded to be the most significant, because it 
affords the most nearly specific test for the presence of fecal contamina- 
tion. The committee has, therefore, agreed, after full consideration, to 
include only this test in the bacteriological standard recommended, believ- 
ing that neither the 37° C. nor the 20° C. plate count would add informa- 
tion of sufficient importance to warrant complicating the standard by 
including them in the required examination. The omission of plate counts 
from the standard is not to be construed, however, as denying or minimizing 
their importance in routine examinations made in connection with the 
control of purification processes. On the contrary, the committee lias 
stated as its opinion that one or both plate counts are of definite value, 
and has emphasized that it is chiefly in the interest of simplicity that 
plating methods have been omitted from the standard here proposed. 

{d) Of all the standard (10 cc.) portions examined per month in accord- 
ance with the procedure specified, not more than 10 per cent shall show 
the presence of organisms of the coliform group. 

(e) Occasionally three or more of the five equal (10 cc.) portions con- 
stituting a single standard sample may show the presence of coliform 
bacteria. This shall not be allowable if it occurs in more than: 

(1) Five per cent of the standard samples when 20 or more samples 
have been examined per month. 

(2) One standard sample when less than 20 samples have been examined 
'per month. 

Two procedures are suggested in the 1942 revision. In one, as mentioned 
above, the size of the sample is 10 cc. and the test consists of five portions 
thereof. In the other, the standard portion of water is 100 cc. and the test 
consists of five such portions. In any disinfected supply the sample must 
be freed of apy disinfecting agent within twenty minutes of the time of its 
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collection. It is optional whether 10 cc. or 100 cc. portions be used. The 
technic of interpretation is slightly different for the 100 cc. procedure 
which is reasonable in view of the large \olutne of water under test In 
both cases if the water supply fails to meet standards it is provided that 
daily samples be examined from such an unsatisfactory source until the 
water is again of satisfactory quality. When this occurs and when waters 
of unknown quality are being examined simultaneous tests should be made 
on multiple portions of a geometric series ranging from 10 cc. to 0.1 cc. 
or less. 

The Public Health Service standards provide also that the frequency of 
sampling and the distribution of the sampling points shall be regulated by 
the certifying authority after investigation of the source, method of treat- 
ment and protection of the water concerned. The standards also prescribe 
the minimum number of samples to be collected and examined each month 
which depends upon the population served. Tlius when no more than 2500 
persons are served by a water supply the minimum number of samples 
per month is one; where 100,000 arc served the minimum is 100; and where 
five million persons constitute the population at least 500 samples per 
month must be examined. The laboratories in which examinations are 
made and the methods used shall be subject to inspection at any time. 

SWIMMING POOLS 

To ensure the greatest possible freedom from infection among those 
bathing in swimming pools it is essential that the sterilization procedures 
used be constantly maintained at a high degree of efficiency. This can be 
determined by daily bacteriological examinations of the water collected 
during the period of greatest use of the pool. 

An official report of the American Public Health Association (1942) 
entitled “.Recommended Practice for Design, Equipment and Operation of 
Swimming Pools and Other Public Bathing Places’’ provides that “when- 
ever chlorine, calcium hypochlorite, or other chlorine compounds, without 
the use of ammonia, are used for swimming pool disinfection, the amount 
of available or excess chlorine in the water at all times when the pool is in 
use shall not be less than 0.4 p.p.m. or more than 0.0 p p.ra. (parts per 
million). Whenever chlorine or chlorine compounds are used w ith ammonia, 
the amount of available or excess chloramine shall not be less than 0.7 
p.p.m. or more than 1.0 p.p.m.” Standards for determining chlorine 
residuals shall be prepared and used according to the recommendations in 
Standard Methods of Water Analysis (A.P.H.A., 1936). Standardized color 
discs and comparators may be used. For the elimination of algrn the use 
of copper sulfate in concentration of 3.6 to 4.2 p.p in. has given satisfactory 
results. 

The report provides that all chemical and bacterial analyses be made 
in accordance with the procedures recommended in the Standard Methods 
of Water Analysis in so far as these methods apply to swimming pool 
waters. Specifically (a) not more than 15 per cent of the samples covering 
any considerable period of time shall contain more than 200 bacteria per 
cc. counted on standard nutrient agar after twenty-four hours incubation 
at 37® C.; and ( b ) not more than 15 per cent shall show the positive test 
(confirmed) in any of five 10 cc. portions of water at times when the pool 
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is in use. AH primary fermentation tubes showing gas should be confirmed. 
The residual chlorine in water samples from pools must be neutralized 
" ith sodium thiosulfate (as wc have earlier indicated) otherwise the water 
may be found on analysis to be bacteria-frec when in reality at the pool it 
was perhaps unfit for use. 

The part played by the various strains of streptococci in the respiratory 
diseases and tlieir prevalence in the intestinal, buccal, and nasal discharges 
make the presence of these organisms in bathing waters very undesirable. 
\t the present time, however, it is not practicable either to adjust the 
bathing load and treatment so as to eliminate them or to suggest a satis- 
factory test and minimum standards for tlieir presence. 

RAW WATER 

Army Ilegulations (A.R. 40-205) provide that “all water will be con- 
sidered impure until declared potable by the proper medical officer.” In 
fixed posts water is normally treated. In the field water may be treated 
by means of mobile or portable filters of the Corps of Engineers, in the 
water sterilizing bag, or in other suitable container. A good water is not 
only one potable from bacteriological points of view ; it must have desirable 
chemical and physical properties and treatment is sometimes to effect 
< hanges in these regards as well as in bacterial content. Calcium hypo- 
c hlorite is used with water in the standard 36-gallon canvas water-sterilizing 
bag provided by the Army or in its absence in other suitable container to 
effect bacteriological potability. One-half gin. of calcium hypochlorite is 
required for each 30 gallons of water and the chemical is supplied by the 
Quartermaster Corps in measured doses in scaled glass tubes The con- 
tents of one tube are dissolved in a cupful of water and the entire contents 

I 

1 ... 
the hypochlorite solution. 

When large containers are not available an official tube of calcium hypo- 
chlorite (§ gm.) will be dissolved in a cupful of water and placed in an 
empty canteen which is then filled with water and shaken. This strong 
solution may then be used to sterilize water in other canteens by adding 
1 canteen cap full (approximately \\ teaspoonfuls) to each canteen full 
(approximately 1 quart) of water. After thirty minutes the water is bac- 
teriologically potable. When no hypochlorite is available water of unknown 
purity may be considered safe for drinking after it has been boiled for one 
minute. 

SEWAGE 

Sewage effluents and grossly polluted water may be examined for organ- 
isms of the coliform group or other bacteria by the technic outlined for 
water analysis except that the specimens must be used in higher dilutions. 
The total colony count is of importance in the examination of sewage. 
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CHAPTER XXXI 

ORGANISMS OF UNCERTAIN CLASSIFICATION 
By Quentin M. Geiman 
TOXOPLASMA 

I. Toxoplasmosis.— Protozoa of uncertain affinities belonging to the 
genus Toxoplasma have been recently recognized as the cause of human 
disease. Available evidence indicates that these organisms produce: (1) 
certain types of congenital encephalitis and hydrocephalus in utero, during 
the newborn period, infancy, and early childhood; (2) acute encephalitis 
in childhood and (3) a spotted fever-like disease associated with atypical 
pneumonia in adults.* Sabin* summarizes the described cases of infection 
and lists 12 cases in infants, 2 in children six and eight years of age, and 
3 in adults. The incidence of the disease is entirely unknown, but positive 
tests for neutralizing antibodies 4 indicate that the disease is congenital in 

1 ‘ \ 1 ' 1 ’ •' . r ,ted infants and children 

. , present or past infection. 

the transmitters of adult 
infection, but the possibility of transmission by droplet infection has been 
suggested. 1 

II. Description of Organism.— Toxoplasma are minute obligate intra- 
cellular parasites (Fig. 43, No. 1 ), varying in size from 4 to 7x2 to 4 y. 
The organisms divide by binary fission and are crescentic in shape with 
one end pointed and the other end rounded (Fig. 43, No. S). Distinct 
cytoplasm and nuclear chromatin makes up the body of the organism, 
but there are no flagella or visible accessory nuclear structures. Growing 
forms become oval or round prior to division (Fig. 43, No. 2). They may 
occur singly, in clusters or aggregates within fixed host cells (Fig. 43, 
Nos. 4 and 5). Cells of the reticulo-endothelial system, parenchymal cells 
of lung, liver, adrenals, brain, unstriated or striated muscle and kidney 
may be parasitized. Infections in the fetus and early infancy produce 
marked destruction of mucous tissue, but the viscera are primarily invaded 
in the adult cases. In fact, masses of parasites, ranging up to 51 x 10 y, 
have been found in cardiac muscle. 1 

The morphology of this parasite is sufficiently characteristic in most 
cases to differentiate it from other organisms or tissue cells- The absence of 
a parabasal body in the cytoplasm differentiates it from the aflagellate stages 
of Leishmania and Trypanosoma cruzi. Differentiation from Sarcocystis 
and Encephalitozoon is more difficult and detailed descriptions of Uiese 
organisms should be consulted if there is any question about diagnosis.* 

III. Diagnosis.— Specific clinical symptoms of toxoplasmosis, although 
suggestive, are not clarified enough as yet to provide more than presumptive 
evidence of infection. The following laboratory procedures are necessary 

, ■ . . ■ . ' inisms in body tissues 

■ oxoplasma by cultiva- 

~j " ^ (3) demonstration of 

specific antibodies. 

(Ml) 
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1. Direct Examination.— Impression films of suspected tissues or fluids 
should be air dried and stained with Wright’s or Giemsa stab. Sbcc 
organisms are seldom demonstrable b blood, films should be made from 
biopsy tissue, sediment of cerebrospbal, pleural and peritoneal fluids. 



Fig 43 — ToxopUtma (X 1100 except N'o. 3). /, Toxoplatrrui in a leukocyte: 2, free 
dmding Toxcplaima in impression film. 2. typical morphology of free Toxoplatrrui and divid- 
ing organism^ in leukocyte (X 2000K 4- Urge aggregate of Taxoplatrna in section of human- 
heart; 5, email group of organisms in section of human liver- (Photographs 4 and o made 
from slides in the collection of Dr. D. Weinman.) 

sputum, and vaginal exudates. To demonstrate the parasite b sections, 
use Giemsa stab after fixation with Regaud’s fluid or eosin methylene 
blue after Zenker-acetic fixation.* Staining with hematoxjlw and phloxb, 
and hematoxylin and eosb after formalb fixation is also satisfactory.* 
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2. Isolation of Organisms.— Growth of Toxoplasma in the developing 
chick embryo and in a surviving tissue culture medium (minced chick 
embryo in Tyrode’s solution) have been obtained, 6 but the methods 
although promising, have not been used for practical diagnosis. The pre- 
ferred method is to inoculate fresh untreated tissue or fluids into albino 
mice, guinea pigs, and rabbits, all of which are highly susceptible to the 
infection. Sabin* suspends the tissue in Tyrode's or physiological saline 
solution and inoculates a minimum of 6 mice and 2 guinea pigs— 0.03 cc. 
are injected intracerebrally and 1 cc. intraperitoneally into each mouse and 
0.2 cc. intracerebrally and about 5 cc. intraperitoneally into each guinea 
pig. The mice are observed for a period of a month and the guinea pigs 
for six weeks. Films and sections of the brain and lungs of animals that 
become sick or die are examined for Toxoplasma. Passage to additional 
animals may be performed to test pathogenicity by inoculating a pooled 
suspension of fresh and untreated ground brain and viscera from the 
infected animals. 

3. Serological Tests.— Studies on toxoplasmosis have shown that recovery 
from infection confers immunity to reinfection. The broad host range of 
this parasite and the apparent unity of species involved is the basis for 
some differences in the nature of the immune state from host to host. 
Although our knowledge is far from complete, demonstrations of humoral 
antibodies in patients with toxoplasmosis and experimental animal infec- 
tions have provided two tests that are of value for diagnostic purposes, 
(1) demonstration of neutralizing antibodies, 4 6 and (2) the complement- 
fixation test.* 

The test for neutralizing antibodies is made on the back of a rabbit. 4 
with fresh serum to be tested and a Toxoplasma suspension prepared from 
brains of mice succumbing in four days to a highly virulent strain of the 
parasite. Suitable dilutions of suspension are made plus 0.15 cc. undiluted 


dilution inoculated per square is 0.15 cc. 

Lesions caused by Toxoplasma begin to appear by the fourth day, 


of generalized toxonlasmnsis between the ninth and twelfth day. Marked 
.■ - ' :>ns by a serum indicate the presence 

■ .* ■ , . . xoplasma. Papers of Sabin*- 4,7 should 


The complement-fixation test of Warren and Sabin* will provide a 
result more quickly than the neutralization test anil for that reason is 
more practical. Difficulties in preparing a suitable antigen and discrep- 
ancies between the results of the two serological tests indicate that die 
procedure needs improvement. Thus, in the absence of direct demonstra- 
tion of parasites, and in die presence of one or more positi\ e immunologic 
tests, positive animal inoculations are needed to \crify diagnosis, Posithe 
serological tests occur as c\idcncc of past as well as present toxoplasma 
infection. Since adult toxoplasmosis has a close clinical resemblance to 
that of rickettsial diseases, emphasis must be placed on a careful search fur 
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Toxoplasma in individuals with a spotted fever-like syndrome associated 
with atypical pneumonia. 1 
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BARTONELLA 

I. Bartonellosis.— A disease of humans in Peru, Ecuador, and Colombia, 
known as Carrion’s disease, is caused by an organism called Bartonella 
bacilliformis. Two phases of the disease make up the syndrome: (1) Oroya 
fever or the stage characterized by a blood stream infection with B. bacilli’ 
formis, progressive anemia, prostration and a mortality which may reach 
40 per cent, and (2) Verruga peruana or the eruptive stage characterized 
by miliary or nodular eruptions containing the parasites, slow convalescence 
and rare mortality. Asymptomatic carriers with blood stream infections 
detectable only by culture procedures occur in the endemic regions. 

II. Morphology.— B. bacilliformis is a minute pleomorphic, motile, bacil- 
lus-like organism which varies in shape from rounded bodies to straight 

■ i ■ ■' d in size from 1 to 2 p 

. • may be formed. The 

■ „ * .* 0 ■ , o the majority of organic 

dyes used for bacteria. The Romanowsky stains, such as Giemsa stain, 
color the organisms more deeply and frequently reveal denser polar stain- 
ing in the rods. The organisms are motile in young cultures made on 
suitable media. The use of special flagellar stains, modified Zettnow 
method 1 or Zettnow-Fontana method, reveals 3 to 5 unipolar flagella 
(Fig. 44, No. -t). Living organisms are somewhat difficult to see by direct 
illumination, but darkfield illumination is an excellent means of studying 
their morphology and motility. Xon-motile spirals, which are considered 
as abnormal cast-off flagella, may be seen with darkfield illumination in 
cultures. 

The bartonella parasitize the erythrocytes during acute Oroya fever and 
cause the rapid destruction of the cells, reducing the total count of erythro- 
cytes in some cases to less than one million per cmm. The position, numbers 
and shape of the organisms on the red blood cells are shown in Figure 44, 
No. 1 . The organisms are also taken up by the proliferating endothelial 
cells in the liver, spleen, lymphatic glands and intestines, and grow as 
compact masses (Fig, 44, No. 2). The parasites are also to be found in 
the proliferating endothelial cells of the developing verrugas in the second 
phase of the disease. 

III. Diagnosis.— Individuals coming down with a prostrating febrile ill- 
ness who live or who have visited and slept in areas endemic for Carrion’s 
disease, should be examined for infection with B. bacilliformis. There are 
cases recorded in Peru where individuals slept but a single night in the 
endemic zone and contracted the disease. Bloodsucking and night-flying 
insects or sandflies of the genus Phlebotomus are incriminated as the vectors 
of the disease. (See Fig. 92, page 70S.) 
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The diagnosis of the infection depends on the demonstration of the 
etiological agent, Bartonella bacilliformis by (a) direct examination of the 
blood and tissues, and (b) cultivation of the blood or tissues. A recently 
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Thin blood films (free from debris and dust particles) should be made and 
stained with Giemsa stain. If the parasites are present, careful micro- 
scopical examination will reveal the typical organisms in their characteristic 
position on the red cells. Stained impression films made from pieces of 
biopsied verrugas may also reveal bartonella within endothelial cells. 

Isolation of Organisms.— Since the organisms are not always detectable in 
stained blood or impression films, suitable media should be inoculated with 
several drops of sterile blood or verrucous tissue and incubated at 28° C. 
in an effort to grow out the organisms. Noguchi's leptospira semi-solid 
medium was originally used for this purpose. Growth becomes grossly 
visible near the surface of the medium in about five to ten days. Blood agar 
has also given some success. More recently, however, a variety of liquid, 
semi-solid and solid media*- 4 ' 8 , cell-free tissue cultures, 7 and the developing 
chick embryo 6 have been used with better success. The formulas of only 
those media which have been highly successful in our hands are given. The 
Geiman semisolid and solid media are satisfactory' for primary isolation of 
B. bacilliformis, for routine cultivation and preparation of uniform suspen- 
sions for agglutination reactions and vaccines. Growth on these media 
becomes apparent in forty-eight hours at 28° C. and fine suspensions of 
organisms equivalent in density to the No. 1 MacFarlane barium sulfate 
standard can be prepared from the five to seven-day growth on two slants 
of the solid medium suspended in I cc. of physiological saline solution. 
The liquid medium gives excellent growth also, but tire yield of organisms 
from an equivalent volume of the solid medium is greater. 

(a) . Geiman Semi-solid Medium? —Base agar— 2 gm. Bacto-agar, 8 5 gin. 
sodium chloride, 1000 cc. of distilled water. Dissolve ingredients and 
adjust to pH 7.G to 7.8. To 100 cc. of this base medium, dissolved and 
cooled to 45° C., add 10 cc. of sterile 5 per cent aqueous Bacto-tryptone 
adjusted to pH 7.G to 7.8, 10 cc. of fresh sterile rabbit or sheep serum, and 
0.2 cc. ascorbic acid-glutathione solution (10 mg. ascorbic acid and 40 mg. 
glutathione in 20 cc. Ringer’s solution filtered with a Berkefeld X filter). 
Dispense in sterile test tubes, incubate to test sterility, insert rubber stop- 
pers to prevent evaporation if desired, and inoculate. At 28° C. growth 
becomes grossly visible at thirty-six to forty-eight hours and very heavy 
about the fifth day. Minute inocula that fail to grow out on leptospira 
medium develop very readily on this medium. For that reason the medium 
is very useful for isolation of the human bartonella and for routine main- 
tenance of cultures. The medium is colorless and transparent, character- 
istics which facilitate early detection and description of growth. If tubes 
are kept at room temperature, subcultures can be made with safety at 
intervals of six weeks to two months. 

(b) . Geiman Solid Medium .— Base agar— 20 gm. Bacto-agar, 20 gm. Bac- 
totryptone or Bacto-proteose peptone No. 3, 5 gm. sodium chloride dissolved 
in 1000 cc. distilled water and adjusted to pH 7.6 to 7.8. To 75 cc. of sterile 
and dissolved base agar cooled to 45° C. add 25 cc. of fresh rabbit or 
sheep serum or for economical reasons, 25 cc. of whole defibrinated blood 
and 0.2 cc. ascorbic acid-glutathione solution. Place sufficient quantities in 
test tubes to make a short butt and a long slant. When slants are set, 
place sterile rubber stoppers in the tubes to maintain a moist slant and 
incubate for sterility. Store in refrigerator until used. 



GENERAL REFERENCES 


■ 557 


Inoculate the slants with B. baciUiforuiis by the loop method or with 
a pipet and incubate at 28° C. Growth follows the inoculated streak, 
becoming grossly visible within tv ' f 1 ' ' ’ 1 1 1 

a maximum in seven to fourteen 

also in the water of condensation ■ f 

mucoid and slightly opaque reaching a maximum diameter of 1 to 1 .5 mm. 
Heavy growth on the slant is confluent, having a characteristic mucoid 
and opaque appearance. If the growth is harvested in five to seven days 
in physiological Salt solution, measurable quantities of bartonella can be 
obtained and a fine suspension of organisms can be prepared for immuno- 
logical studies and making of a vaccine. Formalized (0.4 per cent) sus- 
pensions are used for the agglutination test and vaccine. 

(c). Other Culture Methods.— Another medium which appears to be 
satisfactory for the growth of B. bacilli formia is the blood-glucose-cystine 
agar devised by Francis for the growth of P. tularense. 1 Jimenez and 
Buddingh 5 readily cultivated the organisms at 25° to 28° C. in the 
allantoic fluid and the yolk sac of the developing chick embryos after inoc- 
ulation of eight to twelve-day embryos. This author has confirmed the 
work, but found incubation at 32° C. preferable for the survival of the 
embryos. The use of the developing chick embryo has no apparent 
advantage over the use of cell-free media. 

IV. Relationship to Other Organisms.— Throughout the above discussion 
of B. bacilliformia, morphological and cultural similarities to those of the 
Rickettsiae are apparent. Nevertheless, the differences are considered 
sufficient to justify keeping the parasites in different genera.* In the first 
place the Rickettsiae are obligate intracellular parasites and they require 
the presence of living or surviving cells for growth in culture media. 
Secondly, the Rickettsiae do not produce a severe anemia or parasitize the 
erythrocytes. Thus, the general similarities of B. bacilliformia to Rickettsiae 
are overbalanced by physiological considerations which indicate basic 
differences in growth requirements and pathogencity. 
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Rickettsiae and Filtrable Viruses 


CHAPTER XXXII 
THE RlCKETTSliE 
By Harry Plotz 

GENERAL CHARACTERISTICS 

The riekettsise form a group of microorganisms which inhabit the tissues 
of insects (arthropods) and which are intracellular in habitat; in other 
words . ■ . . . cettsiffi 

produ ■ ‘ ■ recog- 
nized 1 „ . o i • ’ o o They 

are: (1) the typhus fever group; (2) Rocky Mountain spotted fever group; 
(3) tsutsugamushi fever group; and (4) “Q” fever. White trench fever 
is probably a rickettsial disease it has not been transferred to animals and 
adequate studies have not been made to establish its relationship. Psitt- 
acosis, trachoma and lymphogranuloma venereum are generally regarded 
as not belonging to the rickettsial group. 

Rickettsial diseases of man may be defined as self-limited specific infec- 
tious diseases, transmitted by arthropods and characterized by sudden 
onset, with headache, fever and usually a rash. “Q” fever is the exception 
as a rash has not been described for this disease. The chief pathological 
lesions occur in the blood vessels. 

The rickettsiie are small pleomorphic microorganisms, usually seen as 
short bacillary or diplobacillary forms. The smaller forms are about 0.3 n 
in length, but larger forms may be seen. When growth is established 
in yolk sacs of developing chick embryos the rickettsiie are larger than in 
animal tissues. In heavily infected cells, the organisms appear ns minute 
coccoid bodies usually in diploid formation. Rickettsia are usually seen 
in cells. In smears, extracellular forms may be found especially in prepara- 
tions from tissue cultures but these rickettsiie come from ruptured cells. 
Rickettsia: develop in the cytoplasm of the cell, the only exception being 
the rickettsiie of Rocky Mountain spotted fever which are frequently found 
in tlie nucleus. Studies of the development of spotted fever rickettsiie on 
agar tissue cultures lead us to believe that these rickettsiie are essentially 
intranuclear organisms and that they appear in the cytoplasm after intra- 
nuclear development. Rickettsia: stain poorly with most aniline dyes. 


color, or by the Macbiavcllo stain with which they stain red and stand 
out sharply against the blue background of the cell. 


<*»> 
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* "Q” fever which 

only in living cells. In this reject they rcsembtl^ ^f.’ 6 bcen 8 ro ™i 
can be seen readily, they also resemble baEf '“{“S' 3 - tut since tier 
positron intermediate between viruses and W ’“^r R r ? babl y occupy a 
unstable agents in that they areZZkMrZe R “^ tts '“ •» "I 
keeping them at -70" C. or by free^Sn*? ^ J"""* by 
Human diseases caused bv u .. ^* n °’ , , 

Wherever man, rodents and ectoparasites comL on’toSLH**’- distributi ™- 
diseases may occur. Several names have E riEl'®*’ rickettsial 
depending upon the different parts ot the norld^-W^n “S’® dlsease 
found. fleccnt studies have demonstrated the immunT A , sca5e ™ 
between certain of these disease entities '“““nologtcal relationship 


Rickttsui, 

Typhu* Group 

Epidemic or European typhus 
Endemic or murine typhus 

Brill’s disease 
Tabardillo of Mexico 
Fievro nautique Toulon 
Manchurian typhus 
Urban typhus of Malay a 


D ““* B (iKvvsotooicu. Krus„„s,a,„, 

Rociu J fountain Spoiled Ferer 


Hocky Mountain spoiled /ei e 
Brasilian spotted fei er 
(lhao Paulo typhus) 

Tobi^ f e i er ot Colombia 
F ievre boutonneuse 
Kcn>a typhus 
South African tick bile Sex er 

“Q" Freer Group 
Australian "Q" fe> c r 
American "Q” fever 


TtultugamutM Group 
Taitsueamushl disease 
Runk[ typhus of Malaja 

fever ofS UDja | /a 
Tropical or scrub typhus 
Queensland coastal [ever 


Dictate 
I Epidemic typhus 

II Muruio typhus 
III Kocky Mountain spotted fei ei 


Brazilian spotted feier (Sao 
Paulo typhus) 

Colombian spotted te\ er 

Fieire boutonneum. Ken) a 
t)"phus 

South African tick bite lexer 


DctA.cs a, Max Cao.c „ Rmanic 
A awe of didlogic 
opcnl 

Ricletuia proteazeJti p 


R (Dermaccnlrozenut) 

ncXrilti 

R (Dermacenlrozentu) 


IV Tsutsugamushj fe' er 

typhus) 

V "Q” fever— Australian 
American 


(Scrub Rxclctuia onenlaiu 


RtcXaitla bumet, 
eubsp. diaporica 


V *<*al arthropod 

rector 

p corpora 

h ' lt nan?* (capita) 
-xenoptulla cheap* 
'-“rtophylluM Jaerfaiu, 
“ermacentor andertoni 
vcnnaconor tarxabUa 
jZf, UOmma am tricartun 
■drohlyamma cajennerue 

AmW pornma cajennerae 
Rt>\ picephaluc tanputnrut 

H*maphptolu leachi 
-ImUuetmma hebr^utn 
trombteuio aJcam^i 
jronbvula ddicrau 

%*naph b ,aiu humcroea 
jZS?****' “ rtcTtonr 
"WVommaamenaxnum 


:u bSioHntS 8 ^?^ ri f“ 

.... . . s; (3) r3ckeft£ta[ P 7 WentafaniIn r a s; 

Wix* agglutination , and (5) rickettsial complement 

n and ngglutwa- 

Isolation of the Infectious Agent.-The guinea nfe j, , 
employed for isolating the agent. Healthy tnal/gLea 
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t()0 to 500 gm. are used. Preferably, the temperature of the animal is 
taken and recorded for about one week prior to inoculation in order to 
insure obtaining healthy animals. The maximum normal temperature of 
the guinea pig may be regarded as 39.9° C. (103.8° F.); any temperature 
above this is considered as fever under usual laboratory conditions. Tem- 
peratures are usually taken in the morning before the animals are fed. The 
guinea pig is held by supporting the lower back of the animal in the palm 
uf the left hand, holding the thumb on the lower abdomen and spreading 
the legs apart. A clinical thermometer with rounded bulb coated with 
\aseh'ne is gently inserted into the rectum, care being exercised not to 
perforate the intestine. The thermometer is inserted for a distance of 
.tbout 2 inches, and maintained for one minute. If the thermometer is not 
■ ■ obtained. With a little care and 
easily made. The temperature 

0 .. .. . the patient in all of the rickettsial 

diseases in the same manner. Successful isolations are more frequent when 
blood is obtained early in the disease. Ten cc. of blood arc removed from 
the arm vein and 5 cc. are inoculated intraperitoncally into two guinea pigs. 
If more than 5 cc. of blood are inoculated intrapcritoneally into a guinea 
pig the animal may die. It is best to inoculate the blood immediately upon 
its removal from the patient. 

When blood is obtained late in the disease, it is best to permit the blood 
■. • . ■ ' * with sterile 

. • .in Hinger’s 

■ ... ' : • _ t : • .d and these 

antibodies may mask the elFectof the virus when whole blood is inoculated 
into animals, hence, it is advisable to remove the serum. After inoculation, 
the guinea pigs should be placed in a clean cage, being careful not to over- 
crowd them. Temperatures should he taken each day and recorded on a 
temperature chart. 

TYPHUS FEVER 

There arc two varieties of typhus fever. Kpideinic t> phus is the severe 
Iousc-l>omc disease of high mortality. This disease is carried from man to 
man by the Ixxly louse, Pcdiculus hutimnus cvrjxtris ami /*. humanus 
(capitis), the disease being transmitted to man by infected louse excreta. 


of low cum: fatality. The reservoir of the virus is the nit, infection being 
carried from rat to rat by the rat ilea— Xcnai*ijlla chcvjns, or the rat 
Jousc—i’otyj'kix sjnnulosus — ami from rat to nun by the nit lha. Lnbkc 
what occurs with lice infected with epidemic tv pirns, the rat Ilia and rat 
louse do not die of the murine typhus infection. Murine typhus has Urn 
found in all jiarts of the world where the ipidimic di'-cas: rxi'ts, but it 
may exist alone as in the Soiitlu m U. S. While endemic t> phuv is commonly 
carried to man by the rat lira, it is jtosdhlc that it may l>c transferred by 
the human lou-e. The conversion of one strain to another has not bon 
.iccomplidud cxjK-rimtntally. 

In rpidunic typhus the j«criod of intululu/ti in the guinea p:g U about 
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eight to twelve days. Daring this period the temperature remains about 
38.5° C. to 39.6° C. At the end of the incubation period there is a rise of 
temperature about the ninth day, followed by a fall and then a rise to 
40.2° C. or 40.8° C. The fever is maintained for about five or six days when 

CLINICAL CHART 
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on second or third febrile day by ether anesthesia. The brain is removed 
aseptically and thoroughly ground in a mortar with sterile alundum or 
sterile sand. Ringer’s solution or saline is added to make a 10 per cent brain 
suspension. Since the brain of a 400 to 500-gm. guinea pig weighs about 
3 gm., 30 cc. of the diluting fluid are added. One cc. or about 0.1 gm, of 
brain suspension is inoculated intraperitoneally into each of two or three 
normal guinea pigs. Cultures should be made to control the sterility of 
the inoculum. A careful autopsy should be performed to determine whether 



F:g. A 7. — Neill-Mooser bodies 1 Munn« typhus fexer. 


any pathological lesion — such as pneumonia or peritonitis, can be found 
which might explain the fever. In epidemic typhus the only gross patho- 
logical lesion found is a slightly enlarged spleen with slightly prominent 
Malpighian corpuscles. . ... 

In murine typhus, the period of incubation in the guinea pig is usually 
shorter, varying from four to six days. The temperature then rises to 
40 0° C. or 10.5° C., remains elevated four to six days, and falls by lysis. 
A characteristic of murine typhus in the guinea pig is scrotal su tiling 
which usually appears on the first or second day of fever. The scrotum 
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appears prominent, firm, red and swollen and the testicles cannot be 
forced back through the inguinal ring. When the tunica vaginalis is 
removed it is found adherent, edematous and may be hemorrhagic in 
typical infections. Slide preparations are made by scraping the exudate 



Fio 48.— Normal guinea pig scrotum. 


from the parietal peritoneal surface. After fixing by heat, the preparation 
is stained with the Machiavelio stain. Large serosal cells are found which 
are literally filled with rickettsize which appear in the cytoplasm of the 
cell and do not invade the nucleus. These cells are called Neill-Mooser 
bodies and are characteristic of murine typhus in the guinea pig. It takes 
some practice to find these cells, but a preliminary examination with the 



Fig 49 —Scrotal swelling in munne typhus fe\ er. 


low power will reveal their presence and examination with the oil immer- 
sion lens will identify them. Scrotal fetching does not always occur in 
small guinea pigs and it is for that reason that guinea pigs weighing 400 to 
500 gm. are always used. The guinea pig does not die from the infection. 
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Fio. 60 — Geographical distribution o! typbus /c 
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The infection is passed from guinea pig to guinea pig as follows: Sacri- 
fice the animal by ether anesthesia on the first or second day of scrotal 
swelling; shave the abdomen and upper thighs and make a “V” shaped 
incision from the middle of the abdomen down to both groins and dissect 
back the skin. Liberate the tunica by blunt dissection and remove both 
the tunica and testicles. Turn the tunica inside out so that the exudate 
which appears on the inner surface can be washed off. Place tissue in a 
150-cc. Erlenmeyer flask containing glass beads and add 20 cc. of Ringer’s 
solution or saline. Shake tissue actively for a few minutes to liberate the 
exudate on the surface of the tunica and testicles, and inoculate 1 cc. 
amounts of this material intraperitoneally into other guinea pigs. 

While scrotal swelling is the usual characteristic in murine typhus in 
the guinea pig and not in epidemic typhus, this rule is not absolute. There 
are some strains of epidemic typhus which occasionally produce scrotal 
swelling in the guinea pig, but subsequent passages will induce a disease 
without scrotal swelling. When scrotal swelling appears in epidemic 
typhus, examination of the tunica vaginalis may reveal an occasional cell 
containing a few rickettsiae but typical Neill-Mooser bodies are never 
seen. In addition to the differences noted in the guinea pig, epidemic tjphus 
may be distinguished from murine typhus by the reaction following 
inoculation in rats. When endemic typhus is inoculated intraperitoneally 
into rats a febrile illness is produced, while with the epidemic strain an 
inapparent infection occurs. In male rats the endemic disease produces 
scrotal swelling with many serosal cells of the tunica vaginalis filled with 
rickettsice, while this does not occur with the epidemic strain. The endemic 
strain can be easily passed from rat to rat by inoculating a brain suspension 
intraperitoneally. The virus of endemic typhus remains latent in the brain 
of an infected rat for months after the initial febrile reaction. In epidemic 
typhus tlie virus soon disappears and infection cannot be carried in suc- 
cessive passages. 

Immunity tests in guinea pigs may be performed fourteen days or longer 
after the temperature has returned to normal. One attack of epidemic or 
endemic typhus in the guinea pig confers a complete immunity to a sub- 
sequent inoculation of epidemic or endemic typhus. 

ROCKY MOUNTAIN SPOTTED FEVER 

This disease is widespread throughout the United States even though 
not more than a thousand cases occur in any one year. In the west the 
vector is the W’ood tick, Dermacentor andersoni, while in the east the com- 
mon vector is the dog tick, D. variabilis. Amblyomma amcricanum has 
recently been found infected in nature. Ticks are the only vectors known 
to transmit this disease, the virus appearing in the ticks’ tissues, ova and 
feces, and being transmitted hereditarily. While spotted fever may ha\e 
a high case fatality rate in certain areas, the average fatality rate for the 
different regions of the country as a whole is about the same. 

While D. andersoni, D. variabilis and A. amcricanum are the known 
natural vectors, the rabbit tick, Ilxmaphysalis Icporis-palustris, is probably 
an important factor in maintaining the infection alive in nature. Of the 
four potential or experimental carriers, two are parasites of man, A. cajni- 
nense, and D. occidenlalis. The other two that may be of lesser importance 
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in nature in this country arc D. parumapterus, a rabbit parasite, and 
Rhipiccphalis sanguineus, the brown dog tick. 

Brazilian spotted fever (Sao Paulo typhus), exantheinatic typhus of 
Minas Geraes, and Tobia fever of Colombia are forms of spotted fever 
which are immunologically identical with the American disease. The 
probable carrier is A. cojcnncnsc at least in Brazil. 


related to spotted fe\ er, but a spotted fc\ cr vaccine does not immunize 
against it. The rickcttske of fievre boutonneuse produce a scrotal swelling 
in guinea pigs and the virus may be passed by inoculation of tunica wash- 
ings. Kenya typhus is related to boutonneuse fever and is transmitted by 
the same species of tick. 
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One of the South African tick bite fevers is related to boutonneuse fever. 
It occurs in South Africa from southern Rhodesia to the Cape. Natural 
infection has been found in llxmaphysalis leachi and .1. hcbrxum. 

Since the chief \ cctors in spotted fever are so-called three-host-ticks, 
j e., they seek a new host in each feeding stage ; the immature stages feeding 
on rodents and small animals, the adults on large, wild and domestic 
animals, and accidentally on man, the opportunities for transferring infec- 
tion are great. The infectious agent has not been isolated from rodents 
captured in nature. Native ground squirrels, field mice and related rodents 
are probably the important susceptible animals. 

The infectious agent is isolated from the blood of the patient in exactly 
the same manner as has been described for epidemic typhus. There is a 
great difference in virulence of strains for animals and this virulence bears 
little relationship to the severity of the disease in man. A strain from a 
fatal case in man may cause only a mild reaction in guinea pigs, while a 
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strain from a mild case in man may give rise to a severe fatal infection in 
guinea pigs. Strains isolated from cases of spotted fever occurring in the 
Bitter-root Valley usually produce severe reactions. 

The mild infection in the guinea pig is characterized by an incubation 
period of about six days, followed by a febrile period of four to five days. 
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There is no scrotal swelling and the guinea pig does not die of the infec- 
tion. With sc\ere infections, the period of incubation may be two to 
five days followed by a high temperature, scrotal swelling anil death of 
9S per cent of the animals. Hie scrotal swelling in Hnehy Mountain 
spotted fc\er is different from tliat which occurs in murine t j pirns, The 
scrotum is swollen, deep red, and becomes dark purplish-black or e\cn 
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gangrenous with necrosis followed by scar formation if the animal sur- 
vives. The exudate in the scrotal sac is not as intense as it is in endemic 
typhus and rickettsue arc scarce in smears from the tunica surface. Rick- 
ettsia; occur in large numbers however, in the endothelium and smooth 
muscle tissue of arterioles beneath the surface, both in the scrotum and 
the testes. Intranuclear forms may be seen. 

The infection is passed by removing blood by cardiac puncture during 
the febrile period, preferably on the second to fourth days and inoculating 
1 to 2 cc. intraperitoneally into normal guinea pigs. A guinea pig that has 
recovered from Rocky Mountain spotted fever is immune to a subsequent 
inoculation of spotted fever but is not immune to typhus fever. 

TSUTSUGAMUSHI DISEASE 

Tsulsugamushi disease is distributed along the course of large rivers in 
Japan. It occurs in Formosa, Sumatra, Malaya, the Philippines and Queens- 
land. In Japan the disease is transmitted by the bite of infected larva; 
of a mite, Trambtcula akamushi. In Formosa and Sumatra it is transmitted 
by another closely related species of inite, T. diliensis. The animal reservoir 
in Japan is the vole. The common house rat harbors the mite in Formosa 
while in Sumatra the animal hosts are botli the house and field rat. Some 
of the “Indian tick bite fevers" thought to be mite-borne may be related. 

The virus has a low virulence for guinea pigs and lias only been trans- 
mitted to this animal when the resistance lias been lowered as a result of a 
vitamin deficient diet. The disease has been transmitted to rabbits by 
intratesticular inoculation. Intraocular injection in the rabbit results in 
an ophthalmitis with the presence of rickettsue in the endothelial cells 
overlying Descemet’s membrane. This disease confers an immunity to 
itself but not to typhus or Rocky Mountain spotted fever. 

"Q" FEVER 

The virus of “Q" fever was first identified from cases occurring in Queens- 
land, Australia. In the United States the virus has been isolated from 
infected ticks. It has been demonstrated in D. andersoni collected in 
Montana and Wyoming, from D. occidenlalis from Oregon and California. 
One case r 
Montana. 

diseases ar. - 

more defin 

The virus can be isolated from the blood, especially when obtained early 
in the disease. It can often be isolated from the urine as well. In the 
guinea pig a period of incubation of from four to eight days is followedby 

1 

and engorged or may be spontaneously ruptured. 

Guinea pigs injected subcutaneously or intradermally show a marked 
inflammatory thickening of the skin at the site of inoculation, with rick- 
ettsire present in the exudate. Transfers are made by passing blood or 
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materiaHrom the spleen on the second or third febrile day. The urine of 
guinea pigs is infectious. 

Inoculated mice develop small necrotic foci in the liver and rickettsis 
are found in the Kupffer cells. The disease confers an immunity to itself 
but to none of the other rickettsial diseases. 

TRENCH FEVER 

This disease has not been transmitted to an experimental animal. It 
has been transferred to human volunteers by rubbing the feces of infected 
lice into the scarified skin and also by allowing infected lice to feed on 
human volunteers. 

Extracellular rickettsice have been described as occurring in the intestines 
of infected lice, but it has not been proved that these rickettsice are the 
actual cause of the disease since non-pathogenic rickettsiai have also been 
described in these insects. Trench fever disappeared after the first World 
War, but reports indicate that it has again made its appearance in North 
Africa. 

ISOLATION OF RICKETTSIAE FROM ARTHROPOD VECTORS 

The agents causing the above rickettsial diseases may be isolated from 
the various arthropod vectors which carry them. Infected ticks, fleas, 
lice and mites are first washed in a weak solution of bichloride of mercury 
or merthiolate to reduce surface contamination. Ticks must be allowed 
to feed before attempts to recover the virus are made. After washing in 
saline, the insects are ground in a mortar, suspended in saline and inoculated 
intraperitoncally into guinea pigs which are observed for signs of infection 
as described above. 


Table 78.~Iuuunitt in Guinea Pigs Confewieii by Vabiols Rickettsial Diseases 


Epidemic Murine 

ij pbuj tj phus 

Epidemic typhus + + 

Murine typhus . + + 

Drill's disease + + 

Rocky Mt. spotted fever — — 

Tsutsuesmushi disease . — — 

•'Q” fever ... — — 


PATHOLOGY 

The characteristic lesions in spotted fever and typhus occur in the 
blood vessels of the periphery of the body and of the central nervous 
system. However, the vascular lesions arc more severe in the former 
disease, in that necrosis of the vessel walls may occur. In l>oth diseases 
thrombosis is common. In spotted fever, riekettsia; invade the smooth 
muscle cells of the media of blood vessels, while in typhus the localization 
of tike riekettsia: is restricted to the endothelium. Focal lesions occur in 
the brain of man and of laboratory animals in both diseases.^ These con- 
sist of perivascular collections of cells and areas of glial proliferation. In 
spotted fever, the brain lesions are frequently accompanied by thrombosis 
of small cerebral arterioles and by necrosis, while this is not the case in 
typhus. 

The lesions of Brazilian spotted fever correspond in man and in guinea 
pigs to Hocky Mountain spotted fever. Ficvre boutonneusc in man differs 
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from Rocky Mountain spotted fever by the occurrence of a local granu- 
lomatous lesion at the site of the inoculation, which usually ulcerates and 
is accompanied by adenitis of the regional lymph nodes. In guinea pigs 
the pathology is comparable to Rocky Mountain spotted fever in that 
animal. 

In tsutsugamushi fever the primary pathological changes are a vasculitis 
and perivasculitis with slight tendency toward thrombus formation. The 
perivascular extension of the infection involves the parenchyma of various 
organs. Lesions occur in the heart, lungs and brain. 

The lesions of “Q" fever in the guinea pig consist of perivascular accumu- 
lations of lymphocytes and rare focal brain lesions like those seen in typhus 
and spotted fever. Granulomatous lesions, with giant cells, are also 
described in the spleen, liver and other organs. 



Fig- 55 . — RicKctUia prouxuth Volk sac culture. 


The rickettsize ^ 
sections than are 1 

be stained by the . _ j 

Machiavello stain (Pinkerton). 

1. Fix tissue in Regaud’s fluid, cut thin paraffin sections and run through 
xylene and graded alcohols to distilled water in the usual way. 

2. One per cent aqueous methylene blue overnight. 

3. Decolorize in 95 per cent alcohol. 

4. Counterstain in 0.25 per cent aqueous basic fuchsin for thirty minutes. 

5. Decolorize rapidly (about three seconds) in 0.5 per cent citric acid. • 

6. Differentiate rapidly in absolute alcohol. 

7. Clear in xylene and mount in gum dammar. 
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The rickettsiae stain deep red and are easily distinguishable, even though 
the surrounding tissue is also partly red. 

The following method stains the rickettsiae deep blue against. a back- 
ground which is partly red and partly blue. 

1 to 5. Procedures as above. 

6. Wash lightly in distilled water. 

7. Counterstain again in 1 per cent aqueous methylene blue for five 
seconds. 

8. Differentiate in 95 per cent alcohol. 

9. Absolute alcohol and xylene. Mount in gum dammar. 

RICKETTSIAL CULTURES 

Rickettsiae can be grown by various methods provided living cells are 
used. The methods include the classical plasma clot, the suspended cell 
medium, the agar tissue culture method and the yolk sac of developing 



■ ' " \ "" ' T * *■ 1 aid that in in ritro cultures 

Is while viruses grow better 

Yolk Sac Method. — Yolk sac cultures are started and maintained as 
follows. The brain or spleen of an infected guinea pig is rcmo\cd asep- 
tically on the second or third febrile day of the disease and ground, up in 
a mortar with alunduui. A 10 per cent suspension is made in Ringer’s 
solution and gently centrifugalizcd to bring down any large particles of 
tissue. The suspension is then inoculated into six-day fertile chick eggs. 
The eggs should be candled before use so as to l»e certain that the cm* 
brj os arc ali\ e. The broad end of the egg is sterilized by means of a 3 per 
cent iodine solution and a small hole is made with a dental pick or drill. 
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•A 21-gauge needle 1J inches long is plunged perpendicularly through 
■ : ' . ' Then 0.5 cc. of infectious 

The hole is sealed with 

■ . ’ ■ ‘ • . . , ' 4 , - j--: swax, 1 part castor oil). 

The eggs are returned to the incubator which is maintained at 35° C. and 
are turned daily to prevent the embryo from becoming attached. Each 
day the eggs are candled to determine whether the embryo is alive. After 
from four to six days the embryo is found sluggish in its movements or 
dead. The egg should be opened just as soon as the embryo dies, for if 
incubated thereafter, the rickettsue decrease in numbers and finally dis- 
appear. The yolk sac is removed aseptically from the wide end of the egg, 
by removing the shell over the air sac and either extracting the yolk sac 
by means of forceps or by inverting the entire egg contents into a Petri 
dish. A small piece of yolk sac is removed and gently rubbed o\er the 
surface of a dry Petri dish in order to remove the excessive amount of 
adherent volk material. A smear is then made by rubbing the tissue on a 
slide and after drying in air, it is fixed by heat and stained by the Machia- 
vello method. 

The Machiavello stain is made as follows: 

Basic fuchsin .... 1 gm. in 400 cc. double distilled water 

Citric acid .... 1 gm. in 200 cc. double distilled water 

Methylene blue ... 1 gm. in 100 cc. double distilled water 

The basic fuchsin is filtered through filter paper and dropped onto the 
slide and allowed to remain for four minutes. The fuchsin is washed off 
with tap water and the citric acid solution is poured on and off quickly# 
and rinsed off with tap water. Long exposure to citric acid w ill decolorize 
the rickettsiae and they will subsequently stain blue. Methylene blue 
remains in contact for twenty seconds and the slide is washed in tap water. 
With this stain the rickettsiae stain red and the cells blue- 

In the first egg passage few or no rickettske may be seen, in which case 
it is necessary to pass the yolk sac material to other eggs. The yolk sac 
is ground up in a mortar with alundum and suspended in 20 cc. of Ringer s 
solution or saline. A series of fertile eggs are again inoculated as abo\e 
with 0.5 cc. of infectious material. After a few passages a strain will be 
established and rickettske will be seen in increasing numbers, in successive 
transfers. The rickettske may appear small in early cultures but in later 
egg passages they become larger. The rickettsiae obtained in egg cultures 
maintain their virulence for guinea pigs. 

Agar Tissue Method.— The semi-solid agar tissue medium employed for 
culturing rickettsiae is made as follows: 

A. Double Tyrode solution . . . 1200 cc- (see below) 

Calf or beef serum (cell-free) . . 800 cc. 

Phenol red indicator .... 64 cc. (see below) 

Filter through Seitz pad. Determine sterility. Store in ice-box. 


B. Granulated agar 45 gm. 

Triple distilled water .... 1200 cc. 

Autoclave for 1J hours at 15 pounds. Cool. Place in water bath at 
45° C with flask A. When temperature of each flask has reached 
45° C , mix, and pour into KoIIe flasks made with a special neck holding a 
No. 6 rubber stopper. Large test tubes may also be used. 
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Formula for double Tyrode: 

Sodium chloride . ... 160 gm. 

Potassium chloride . . 4 gm. 

Calcium chloride ... 4 gm. 

Magnesium chloride . . 2 gm. 

Sodium acid phosphate . . . 1 gm. 

Triple distilled water . . . 1000 ml. 

Soaium bicarbonate ... 20 gm. 

Dextrose ... . . 20 gm. 

Phenol Red Indicator: 

Phenol red powder . . . . 0.1 gm 

N/20 Sodium hydroxide . 5.7 cc. 


Grind phenol red powder in NaOH, then add triple distilled water up to 
250 cc. 

Ten-day chick embryo cells are finely cut with scissors, the infectious 
material is brought in contact with the cells and after thorough mixing 
is kept in the ice box for one-half hour. The material is then spread on the 

' n is tightly 
. Mountain 

spuwcu.w.v. j L rr — ... .. — . ’ransplants 

are made by scraping off the cells with 3 cc. of saline and grinding the 
material with alundum in a pyrex hand grinder. After the alundum lias 
settled the supernatant is removed and brought in contact w ith fresh chick 
embryo cells. 

WEIL-FELIX AGGLUTINATION 

The agglutination of certain strains of Proteus vulgaris by sera of patients 
infected with certain rickettsial diseases has been used as a helpful aid in 
diagnosis. While the Proteus bacillus is in no way related to ticket tske 
and hence has no etiological significance, it lias been suggested that the 
agglutination reaction depends upon the possession of a common antigenic 
factor by the two organisms. 

The Proteus strains commonly used are the OX I9 , OXK and OX*. The 

1 1 high titre 

Mountain 

»pv«.«.c« _ oo; _ nt in these 

diseases. Since a ...» . . . ccur ; n typhus 

and spotted fever, ■. • :o differentiate 

these diseases. OXi-„ D 0 ■ . Rocky Moun- 

tain spotted fever. 

In tsutsugamuslii disease agglutinins for the OXK organism occur in 
relatively high titre while those for OXi» arc low or absent.. Neither OXu 
nor OXK agglutinins occur in “Q” fever. Since the Wcil-Fclix reaction had 
not been described when trench fever occurred during, the first World War, 
we do not know what type agglutination occurs in this disease. 

Table 7D,— Wln,-Frux Agglutination ts Various Rickettsial Diseases 
OX» OXK 

EpiJermo typhus . . -f ' 

Munae typhus . . + 

Brill's disease • + ~ 

Rocky Mountain slotted fe*cr . . + -* 

Tsutaujcsmu&bi disease .... — *f 

M Q" fever . ... - - 

Trench ft* er I f 
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Only the O or non-motile variant of the Proteus bacillus is used for the 
agglutination reaction since it is this antigen which reacts specifically with 
sera from rickettsial diseases. The purity of the strain should be con- 
trolled frequently by streaking on a veal agar infusion plate. After twenty- 
four hours incubation, the smooth, non-spreading 0 type colonics are 
selected and transferred to tubes of dry agar and broth. If the organism is 
non-motile the culture may be used for the agglutination test. AH cultures 
should be maintained on dry agar slants. Lyophilization is helpful in main- 


agar cultures in 0.85 per cent saline. The turbidity of the suspension is 
.adjusted to that of tube 3 of the McFarland ncphelometer scale. The killed 
antigen is prepared as follows: A smooth non-motile strain is grown on 
agar in KoIIe flasks, and the culture is washed down with sufficient saline 
to make a heavy susjxmsion, and 0.5 per cent formalin is added. This rep- 
resents the concentrated stock. This antigen is then diluted with saline 
when needed to have a turbidity equal to tube 3 of the McFarland scale. 

A macroscopic agglutination test is performed by thoroughly mixing 
0.5 cc. of serum dilution and 0.5 cc. of antigen suspension. Serum dilutions 
of I to 10 through 1 to 610 (final dilution 1 to 20 through 1 to 12S0) are 
usually sufficient. A control tube containing 0.5 cc. of antigen and 0.5 cc. 
of saline should be included as well as a positive scrum control. Tests and 
controls are incubated in the water bath at 37° C. for two hours followed 
by storage overnight in the ice box. Complete agglutination is indicated by 
absolute clearing of the supernatant fluid and by settling of the organisms 
in large white particles at the bottom of the tube. Partial agglutination is 
indicated by incomplete clearing of the supernatant fluid and diminution 
in size of the bacterial clumps. When the tubes are shaken, granular 


in titre during the late convalescence. For this reason an agglutination 
reaction should be performed as soon as a rickettsial disease is suspected 
and tests should be repeated at frequent intervals during the course of the 
disease Of great diagnostic significance is a rise in agglutination titre. A 
single positive agglutination of 1 to SO is of no diagnostic value because 
non-specific agglutination may occur in other diseases. A single agglu- 
tination titre of 1 to 12S0 probably means that the patient is suffering 
from some rickettsial disease. An agglutination titre of 1 to 50,000 has 
been recorded in some cases of typhus fever. The diagnosis should not be 
made on a positive Weil-Felix agglutination alone; further clinical or 
laboratory evidence should be obtained. A consistently negative Weil- 
Felix may be obtained in typical cases of typhus fever. 

Rickettsial Complement Fixation and Agglutination.— The complement- 
fixation reaction has become a useful diagnostic method in rickettsial 
diseases. It may be used in epidemic and murine typhus, spotted fever 
and "Q" fever, and probably for other rickettsial diseases. 

Endemic, epidemic and "Q” fever antigens may be prepared from 
infected yolk sacs of developing chick eggs. In addition, endemic typhus 
antigens may be prepared from the lungs of mice and rats infected by the 
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intranasal route; “Q” fever antigens from spleens of infected mice; and 
spotted fever antigens from yolk sac cultures or better from cultures grown 
Jby the agar tissue culture method. 

Antigens from yolk sac cultures may be prepared by several methods. 
The yolk sacs of infected chick eggs are removed as soon as the embryo 
dies, usually on the fifth or sixth day after inoculation. The >olk sacs are 
removed and collected in a heavy pyrex bottle carrying glass beads and 
shaken in the shaking machine for one hour. A 20 per cent suspension by 
weight is made in phosphate buffered saline pH 7 containing 0.5 per cent 
of formalin. The suspended material is placed in a bottle containing a 
syphon system and inverted so that the yolk cream can rise to die top. 
The bottle is kept in die ice box for forty-eight hours. The lower liquid 
is withdrawn and ccntrifugalizcd in the angle centrifuge for two hours at 
5,000 r.p.m. in the cold room. The jolk cream which rises is carefully 
removed, along with the supernatant which is discarded. The sediment 
which contains the rickettsue is resuspended in the same phosphate buffer 
with 0.2 per cent formalin and made up to the original \olumc. The 
suspension is purified by centrifugation at 1000 r.p.m. to remove any 
large particles and at 5000 r.p.m. to bring down the rickcttsiw. These 
rickettsial suspensions are then washed in buffer solution three to five 
timc3. The final rickettsial suspension contains 0.2 per cent formalin in 
buffered saline. 

Spotted fever antigens arc preferably prepared from agar tissue cultures. 
Rich cultures arc washed down with saline containing 0.5 per cent formalin 
and the suspension is frozen and thawed five times. The suspension is 
then centrifugalized at low speed to bringdown tissue particles, and then the 
supernatant is ccntrifugalizcd in an angle centrifuge at 5000 r.p.m. for two 
hours in the cold room. The sediment (rickettsue) is suspended in saline 
merthioiate (1 to 10,000). 

The test is carried out by using 0 25-cc. amounts of inactivated scrum 
in dilutions ranging from 1 to 0 to 1 to 192 or higher, 0 5-cc. amounts of 
complement representing two full units, and 0.2-m.c. amounts of antigen 
(2 units) whose titre was determined by preliminary titration. Fixation is 
carried out for twenty hours in the icc box following which 0.5 cc. of sensi- 
tized sheep cells arc added and incubated at 37° for one-half hour. Equal 
amounts of a 3 per cent suspension of sheep r.b.c. and of diluted ambo- 
ceptor, 3 units in each 0.25-cc. volume, arc mixed thirty minutes before 
the sensitized cells arc added to the test. 

Specific fixation reactions are obtained in each di--ca.sc. Tvphus fever 
can easily be distinguished from Koekv Mountain spotted fever. In t>phu-» 
fever, there may be some cross fixation I »c tween epidemic and endemic 
tvphus, but fixation with the homologous rickettsial antigen alwavs oceurs 
in a higher titre. It is thus possible to distinguish epidemic /rum tndemic 
tvphus. 

Complement-fixing an til* dies in tvphus usually apjnar in the* late 
febrile jnriod and gradiullyindva-siin titre. In a ** rir»«f ca-osuf e pidemic 
tvphus fever recently studied, a |*»itivc fixation with u rw* in litre was 
obtained in all ram. A jmsitive n action apjH-ars to ixrri»t long after 
cnnv.'ilcHxmw Cumpic Hunt-fixing antiUdici luve lutn demonstrated 
twent j -*ix vears after the initial attack of epidemic tophus fever. Since 
37 
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the Weil-Fclix agglutination disappears in late convalescence, the com- 
plement-fixation test is a better criterion or past infection. 

Purified rickettsial suspensions may be uoed l'n performing agglutination 
tests; these tests are best performed by the macroscopic method. Agglu- 
tinins appear early and increase in litre during the course of the disease. 
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Intracellular affinity is another characteristic of viruses, in that they 
flourish best within cells. Much remains to be learned of the nature of 
this apparent obligate relationship between viruses and cells and the effect 
which one exerts upon another. Necrosis of invaded cells often occurs 
but it is not clear whether it is the effect of toxic products, or the inter- 
ference with cell metabolism which results from the multiplication of the 
virus within die cell. Nevertheless, in the course of this intracellular 
multiplication, abnormal, intranuclear or intracytoplasinic structures, 
designated as inclusion bodies, may be produced. These attain a size far 
larger than that of the individual virus “unit,” and their detection through 
special staining methods is, under certain circumstances, of considerable 
diagnostic aid. In intracytoplasinic location, these bodies probably rep- 
resent developmental processes of the virus (or aggregations of virus units) 
within tile invaded cell. Tissue from the invaded cell may take part in 
their structure. In some instances inclusion bodies can be actually freed 
from the cell structure, as in the case of elementary bodies in vaccinia. 

Selective localization or special affinities for particular types of tissue 
within certain animal and plant hosts represent another characteristic 
common to viruses. For instance, there is a group of viruses which show a 
predilection for the invasion of nervous tissue, the neurotropic viruses — 
such as rabies virus, poliomyelitis virus, and several of the encephalo- 
myelitis group of viruses. Others have been classed as dermolropic — such 
as smallpox virus or chickenpox; and still others as tiscerotropic — such as 
yellow fever virus and mumps. 

From this brief summary of properties of viruses we find that it is dif- 
ficult to “ separate ” or isolate viruses from the tissues they infect or invade. 
Clinical methods of demonstrating their presence and of diagnosis, and 
attempts to understand their properties, are often completely dependent 
on the inoculation of animals and the study of animal tissues. 

A list of the more common \imses known to infect man: 

I. N eurotropic Viruses: 

Lymphocytic choriomeningitis 

Rabies 

Poliomyelitis 

Equine encephalomyelitis (Western, Eastern and Venezuelan) 
St. Louis encephalitis 
Japanese B encephalitis 

Russian spring-summer encephalitis (closely related to Louping 

ill) 

West Nile 

Ascending myelitis (Virus B) 

II. . 

■. . ' ■ . ■ Vaccinia 

Herpes simplex 

Foot and mouth disease 

Verruca 

Molluscum contagiosum 
Trachoma 

Inclusion blennorrhea 
Epidemic keratoconjunctivitis 
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III. Respiratory: 

Common cold 

Influenza (Types A, B and X) 

Psittacosis (Ornithosis) 

IV. Intermediate: 

Measles 

German measles 

Lymphopathia venereum 

Rift Valley fever 

Phlebotomus (sand-fly or Pappataci) fever 

Dengue 

V. Viecerotropic: 

Mumps 

Yellow fever 

DIAGNOSTIC PROCEDURES IN HUMAN VIRUS DISEASES 

First steps in the demonstration or “isolation” of active virus consist 
in the inoculation of susceptible animals, or the inoculation of suitable 
tissue culture media. These procedures may require several preliminary 
measures designed to rid the original material of bacteria, which is accom- 
plished either by filtration or by the use of chemical bactericidal (although 
not virucidal) agents. Indirect methods of "demonstrating” virus include 
the detection of inclusion bodies through histological methods, or the 
demonstration of viral antibodies. 

I. Collection of Material.— In the collection of any material for virus 
work, it is well to remember that with many diseases the virus is more 
readily demonstrated in the early days of the disease than in its later period 
when antibodies have made their appearance. Blood, sputum or nasal 
washings, stools, purulent material, and spinal fluid all represent material 
from clinical cases which may serve as a source of virus. Tissues obtained 


best method for preparing the inoculum and the types of animals (or 
culture media) to be inoculated. In many instances time may necessarily 
elapse between the collection of the material and the inoculation into a 
suitable animal or tissue culture, and it is not enough to leave such material 
at the usual ice box temperature in the hope that the virus may survi\ e 
for one or two days of such storage prior to inoculation, particularly is 
tills true if material is left in a fluid state. 

II. Preservation of Viruses.— I. Free cue.— A large, wide-mouth thermos 
jar half filled with pieces of solid carbon dioxide (dry ice) is useful for the 
temporary preservation of material containing viruses and for the trans- 
portation of such material. 

For any laboratory which is equipped to work with unstable viruses a 
low temperature storage cabinet such as the one recently described by 
Horsfall* is useful. Such a cabinet should be composed of thick-walled, 
insulated material and can be designed to accommodate about 50 pounds 
of dry ice (renewed every third or fourth day) together w ith a number of 
* Horsfall. S. L.. Jr.: Jour. BactencJ., 40, &59, 1940. 
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metal racks (Fig. 57) into which celluloid specimen tubes with metal 
screw caps* can be fitted (Fig. 58). The use of celluloid instead of glass 
tubes eliminates the loss of specimens resulting from cracked or broken 
tubes, and the substitution of metal screw caps for stoppers prevents the 
unstoppering of tubes due to gas expansion during thawing. The tem- 
perature within such a storage cabinet can be maintained at an average 
of -76° C. 



F: a. 57 Fi a. 5S 

Fio 57 —Type ot metal rack (with celluloid tubes in place) which is useful ia the storage 
of frozen virus containing material in a solid COi refrigerator. (After Ilorsfall.t) 

Fia. 58.— Celluloid tubes with metal screw caps useful for the storage of frozen w'rus 
material. (After Horsfall t) 


a small bath containing alcohol and dry ice) and rapid dehydration from 
the frozen state at high vacuum. The process is continuous, conducted in 
the containers in which the material is to be sealed under the original 
vacuum. 

If the virus to be preserved in this manner is to be dried from fluid 
material, some viscous substance such as 10 or 20 per cent suspensions of 
sterile mucin, or 10 or 20 per cent (or undiluted) normal rabbit or normal 
monkey plasma or serum, should be present as a vehicle in the fluid men- 
struum in which the virus is to be frozen and dried. If the latter (plasma 
or serum) is used it is important that it should not contain antibodies 
which would be effective in neutralizing the particular virus which is to 
be preserved by this method. 

If tissues are to be preserved by this method, they may be ground to a 

* Obtainable from the Lusteroid Container Company, Inc., 10 Parker Are , West, South 
Orange, N. J. 

t Horsfall, S L Jr Jour Bacteriol , 40, 559, 1910 

{ Flosdorf. E W., and Mudd, S.* Jour. Immunol . 29, 389, 1935 ; 34, 469, 1935. 
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a simple and effective means to render the inoculum bacteria-free- Ether, 
which is not harmful to some \ iruses such as poliomyelitis vims and measles 
vims, is occasionally a useful substance for this purpose. It may be added 
in amounts of 10 per cent for nasal or oral washings and 15 per cent for 
stool suspensions. The etherized suspension in a rubber stoppered tube or 
flask should then be aliened to stand for twenty-four hours in the ice box 
before inoculating. Ether is, however, harmful to some ■viruses. Other 
substances which have been recommended for this purpose include Duponol 
(sodium laurvl sulfate) which has been recommended in work with polio- 
myelitis virus, and Zephiran* for work with influenza vims. These bac- 
tericidal agents are advised as a substitute for filtration through candles or 
ultra-filters; for filtration does not always prove satisfactory, inasmuch as 
most of the virus itself may be retained along with the offending organisms. 

IV. Filtration of Viruses. — 1. Types of Filters.— Earthenware, porcelain 
and asbestos filters have been largely superseded by collodion membrane 
filters, although they still have a place in the clinical laboratory. Their 
limitations result from the fact that the degree of absorption during filtra- 
tion (through earthenware or porcelain candles) is such that the material 
to be filtered should contain large amounts of virus. At the same time the 
concentration of tissue protein should be low, for any large tissue particles 
in the suspension, are liable to clog the pores of tire filter. These particles 
should be eliminated by preliminary centrifugation of at least 30(X) r.pan. 
for half an hour. 

The following types of filters have been used: 

(а) Berkefeld Filters. — Made in Germany from diatomaceous earth and 
supplied in three grades of porosity: V, coarse (pores S to 12 ^) which is 
for clearing solutions and does not retain all bacteria; X, normal (pores 
5 to 7 ji) which retains ordinary bacteria as well as some viruses; W, fine 
(pores 3 to 4 n) which retains bacteria and some viruses. 

(б) Handler Fillers.— An American modification of the German Berke- 
feld, manufactured from kie^elguhr, asbestos and plaster-of-Paris which is 
supplied in three grades: “ preliminary,” “regular" and “fine,” cor- 
responding approximately to V, X and \V Berkefeld. 

(c) Chamberland Filters.— A French type made of unglazed porcelain 
(kaolin with a little sand). Since the entire candle is made in a single 
piece, free from joints, it possesses mechanical advantages over the Berke- 
feld type, and it has the added virtue of being easily cleaned by heating 
to a high temperature. There are nine grades: 1.1 (coarse, like Berkefeld 1 , 
not retaining bacteria), Ll bis, L2, L3 (like Berkefeld X, pores 2.7 & 
retaining most bacteria), L5, L7, L9, Lll and L13 (finest, retaining some 
v iruses). 

( d) Seitz Filters. — These are made of asbestos and are quite practical for 
virus work in the clinical laboratory. Several sizes are made, the smallest 
of which is the most convenient and consists of an asbestos disc which fits 
into and is clamped at its circumference in a metal holder. After each 
experiment the disc is discarded and replaced by a fresh one which can 
be sterilized in a Petri dish by dry heat. The grades supplied are: b 
(coarse grade) intended for clarification, EK (“germicidal’’) which remov es 
ordinary bacteria. 

* Science, 56. S43, 1912. 
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2. Testing Filters.— In the case of filter candles, major defects (cracks 
or leaking joints) can often be detected by immersing the candle in water 
with the closed end up and attempting to blow air through it. Before 
using for viruses, all filter candles should be assembled, sterilized in the 
autoclave, then tested against fluid containing a twenty-four hour broth 
culture of some bacterial organism such as B. prodigiosua. The filtrate 
should then be cultured and if no growth appears in forty-eight hours the 
filter may be regarded as tight. 

3. Cleaning Filters.— This is not easily accomplished. The method 
recommended by Rivers for filter candles states that if infectious material 
has been used, the candle should first be immersed in a non-coagulating 
germicide such as cresol. Debris should then be removed from the out- 
side of the candle with a stiff hand brush with care to avoid rough handling. 
The candle should then be placed in a metal holder, and water (or salt 
solution if the fluid filtered contained globulin) should be forced through 
the filter from within until clean. It may then be boiled for half an hour 
in 2 per cent sodium carbonate and in several subsequent changes of dis- 
tilled water. Water should again be forced through the candle until all 
alkali has been removed. If clogged with organic material Charaberland's 
candles may be dried in a warm oven and gradually heated in a muffle 
furnace to a dull red heat and then slowly cooled. Berkefeld filters often 
crack if so heated. 

Sterilization is usually accomplished by autoclaving one hour at 115° C. 



Fio. 69.— Common typesof filtration apparatus (or: Bcrlefeld (le(t) andChambcrland 
candlos (richt). The sido arm connects with a mercury manometer and a suction apparatus. 

4. Filtration Technic.— Two types of familiar filtration apparatus are 
shown (Fig. 59). Both arc adapted for the use of negative pressure and 
the pressure outlet should be connected with a mercury manometer so 
that its degree can be measured. As a rule pressures should not exceed 
35 to 50 mm. Ilg. 

Tlic fluid to be filtered should be first cleared by centrifugation, or by 
filtration through paper or some coarse filter. How ever, many other factors 
besides that of the turbidity of the original solution affect the process of 
filtration. Such factors include the amount of posith c or negative pressure 
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applied; the length of time /or which it is exerted; the viscosity of the fluid 
filtered; the pH of the fluid; the number and size of infective elementary 
bodies in the suspension; the electrical charge of the filter and of the material 
to be filtered; and the average pore diameter of the filter. If the medium 
is acid, filters may retain small bacteria and some viruses, which will pass 
through if it is slightly alkaline. Filtration is facilitated by suspending the 
material in meat infusion broth or 10 per cent rabbit scrum and by first 
drawing some sterile broth or 10 per cent scrum through the filter. 

5. Collodion Membrane Filters (Elford).— The use of especially prepared 
collodion membranes lias superseded that of earthenware or asbestos filters 
in many laboratories, an advantage of the membrane being tliat it does 
not have many of the undesirable absorptive effects associated with 
earthenware filters. The task of making suitable collodion membranes for 
this purpose, however, is difficult and time-consuming. Workers desirous 
of making their own membranes should consult Elford's original publica- 
tions and also that of Bauer and Hughes.* Other advantages of these 
membranes consist in the fact that there is uniformity of porosity which 
can be secured in a number of different grades. 

V. Animal Inoculation. —Types of laboratory animals and the routes of 
inoculation to be used depend upon the type of virus being studied and the 
character of the inoculum. The usual laboratoiy animals employed today 
for clinical work include the following rodents: mice, hamsters, cotton 
rats, guinea pigs, and rabbits. Other laboratory mammals often used in 
clinical virus work include ferrets, cats, and monkeys. 

1 Intracerebral Inoculation.— This is the method of choice for many 
neurotropic viruses. The inoculum should be relatively free from patho- 
genic bacteria, for the brain is more susceptible to bacterial infection 
artificially introduced than are many other parts of the body. J /ice 
should be anesthetized ant 
of six using a total inocuk 
0 03 cc. for each mouse. A . 0 

tuherculin syringe may be used with a 27'gauge needle (length j inch, or 
preferably j inch). For the intracerebral inoculation of anesthetized 
guinea pigs and rabbits a heavier needle will be required and the sharp 
end of a sterile pair of scissors is a useful instrument for drilling a small 
hole in the skull. The site of inoculation is the parietal lobe back of dm 
eyes and to one side of the midline. An inoculum of 0.1 cc. may be used 
for guinea pigs and a little larger (0.25 cc.) for rabbits. Amounts much 
larger than this may, however, cause the acute death of the animal. 

For monkeys the size of the intracerebral inoculum depends on the 
size of the animal; 0.5 cc. is sufficient for a small monkey. A 22-gauge 
needle, 1 inch in length is suggested and the hole in the skull can be again 
drilled with the sharp points of a pair of scissors. 

All animals inoculated by intracerebral and other routes should of 
course be examined closely for symptoms each day subsequent to inocula- 
tion, and this daily observation should be pursued for an appropriate 
length of time— three to four weeks is advised for most neuro tropic 
viruses. Rectal temperatures should be taken daily on rabbits, guinea 
pigs and monkeys and the latter animals should be exercised daily with 
careful observation for any symptoms. If the inoculated animal dies during 
* Bauer, J- H , and Hughes, T. P.. J. Gen. Physiol , 18, 143, 1934. 
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the period of observation, bacterial cultures should be made of the brain 
and heart’s blood in order to eliminate or confirm the presence of an 
interfering bacterial infection. 

2. Intranasal Inoculation or Instillation. — It is wise for the laboratory 
worker doing intranasal instillations to wear a cellophane mask. Mice 
should be anesthetized and the material may be dropped on the nares 
with a capillary pipet. With monkeys, anesthetization is not necessary 
and the material may be dropped from a 5- to 10-cc. pipet, 2 cc. of the 


into the nose. 

3. After Subcutaneous and Intrap eritoneal Inoculations (as well as intra- 
nasal inoculation) the animals should be observed carefully and if they are 
large enough, their rectal temperature should be recorded daily. At the 
end of the period of observation it is generally wise to sacrifice the animal. 
A careful autopsy should be performed. 

VI. Demonstration of Cellular Inclusions.— The structure and staining 
qualities of these bodies, which may be either intracytoplasmic or intra- 
nuclear, are variable. They may be large eosinophilic bodies or small 
basophilic granules. Less common are the small eosinophilic and large 
basophilic structures. In smears and sections they may be stained with 
Giemsa stain, eosin-methylene blue, Mann’s, or Casteneda’s stain.* The 
demonstration of these bodies may be of considerable diagnostic impor- 
tance, such as: the cytoplasmic inclusions, known as Negri bodies in 
rabies, Guarnieri bodies in the epithelial cells of the lesions of smallpox 
and vaccinia, the psittacosis bodies demonstrable in tissue cultures of 
psittacosis virus; as 'well as the acidophilic intranuclear inclusions found 
in yellow fever, and in lesions induced by herpes virus. The mere finding 
of an inclusion body in a cell docs not necessarily indicate a virus infection; 
the inclusions must occur constantly in certain infections before their 
specificity becomes established. 

Tissues which arc to be sectioned and studied for inclusion bodies should 
be carefully fixed with special fixing reagents. For this purpose Zenker’s 
fixing reagent containing 5 per cent glacial acetic acid is recommended, as 
are also Bouin’s solution and Sousa’s solution.* 

VII. Cultivation.— Viruses do not multiply on inanimate culture media 
but propagation may proceed in the presence of living cells of tissue cul- 
ture. Many variations of technic are used for tills purpose, although in 
general the usual culture consists in preparations of minced embryonic 
tissue, testis or kidney suspended in scrum, plasma tissue extract, or scrum 


infected fragments of mouse brain, base been largely supplanted in this 
country by the Use of minced tissue in a fluid medium. Only two of these 
procedures, modified from that of Hi\crs,f will be described here. 

* lof the technic of fixing end ataining. * Textbook of Hutoloey or a Manual of Staiiwr* 
Method* ahould bo consulted. 

t LI, C. !*•» and linen, T. M.: Jour, tix^er. Med., 13 . 1&5. IttJO. 
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1. Technic of Tissue Culture (Modifications of Rivers’ Method).*— Tissue 
is obtained from a nine to twelve-day chicken embryo after the removal 
of its head and limbs. The embryonic tissue is minced in 3.5 cc. of Tyrode’s 
solution. The Tyrodc’s solution is freshly prepared even' ten days accord- 
ing to the following formula: 

XaCl, 8.0 gm.; KCI, 0.2 gm.; CaCh, 0.2 gin.; MgCJj, 0.1 gm.; 
XaIfjPO«, 0.05 gm.; NallCOj, Q.5 gm.; glucose, 1.0 gm.; double 
distilled water q.s. ad. 1000 cc.; pll adjusted to 7.7 and sterilized 
by filtration through a Seitz filter. 

Cultures are prepared by adding 0.1 to 0.2 cc. of the minced chick 
embryo tissue to each 5 cc. of filtered Tyrode’s solution. This amount is 
placed in a 50-cc. rubber stoppered Krlemneyer flask. Culture flasks are 
inoculated with 0.25 cc. of a bacteria-free virus suspension and the cultures 
are incubated at 37.5° C. for three days, bacteriological controls should be 
made. 

There are many modifications of the above procedure which should be 
adapted to the \arious types of viruses being cultured. These modifica- 
tions include the addition of an indicator such as phenol red; the addition 
of whole rabbit serum or scrum ultrafiltrate as a growth promoting factor; 
tiie incubation of the cultures at room temperature instead of at 37.5 0 C. 
For the culture of the common cold virus and influenza virus, Dpchez 
ct al. f have recommended the following method: Minced ten-day chick 
embryo is pipeted into culture tubes (2 cm. diameter) in equal amounts; 
10 cc. of special peptone broth are then added (sodium chJoride-free, made 
with non-toxic casein peptone, and containing 0.1 per cent gelatin). Suf- 
ficient cysteine hydrooiloride is then added to give a concentration of 
1 to 2000 (cysteine is prepared in 1 per cent solution, neutralized with 
caustic soda, autoclaved and kept under a vaseline seal). The culture 
tubes are sealed with vaseline, and stored at 4° C. until required and 
cultures are initiated by introducing virus-containing material through the 
vaseline seal. 

2. The Use of the Developing Hen's Egg.— The use of the developing 
embryo as a method of propagating viruses has also increased during past 
years. The method offers a valuable source of virus for a variety of pur- 
poses, such as the production of antigen for use in the manufacture of 
vaccines or of antigens for serological tests. 

There are various methods of inoculating the incubating eggs but that 
advocated by Burnett is given here. 

(a) Source of Eggs.— A reliable source of fertile eggs is necessary. Eggs 
should be as fresh as possible, certainly not older than a week when incuba* 
tion is commenced. They should be kept in a cool place and turned daily 
until placed in the incubator. 

(b) Preliminary Incubation. — Any suitable form of commercial egg 
incubator may be used. In practice the incubator will usually ha\e a 
number of boxes of eggs at different stages of incubation. A constant 

* Cox. H. B-, Syverton, 3. T-, and OliUky, P. K.: Proc. Soc. Exper. Biol- and Med., 
30. S96. 1933 

t Dochez, A. R . Mills, E. T.. and Kneeland, Y.: Jour. Exper. Med . 63, 539, J83 °- 

j Burnet. F. M.: Med. Research Council (Brit.), Special Rep. Senes, Xo. 220, lA»o; 
Burnet, F, M , and Paris, D. P.; Jour. Bacteriol., 44, 241, 1942. 
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temperature of 39.5° C. should be maintained. Egg trays should be 
removed for ten to fifteen minutes daily during which time the eggs are 
turned. Gloves should be worn when turning eggs. 

After about twelve days’ incubation tire eggs are examined by trans- 
illumination. If the embryo is dead, the appearance is usually obvious, 
but embryos very recently dead may provide difficulty. Points indicating 
death are: absence of spontaneous movement of the embryo, absence of 
visible blood vessels, and undue mobility of the embryo on moving the 
egg. A properly developed and living egg at this stage shows a large dark 
area representing the embryo and yolk sac. At the blunt end of the egg 
the air space can be seen, now considerably larger than in the unincubated 
egg. The limits of this air space are outlined in pencil and on the side of 
the egg farthest from the line along which the opposite sides of the chorio- 
allantois have united, an equilateral triangle with sides 1 to 1.2 cm. long 
is marked. 

(c) Drilling.— A dental motor fitted with a thin cutting disc is used 
for tins purpose. Care should be taken to avoid the slightest damage to 
the shell membrane and it is useful to make the cut deeper at the angles 
than at the middle of the sides of the triangle. The drilling is completed 
by making a small cut through the compact layer of the shell over the 
air space. After drilling, the eggs are returned to the incubator. They 
should be inoculated within two hours. Inflammatory changes develop 
rapidly in the chorio-allantois beneath the drill marks, and within less than 
twenty-four hours the membrane becomes adherent to the shell membrane 
at these points. 

(i d ) Inoculation .— The equipment consists of: a small stand of metal 
or plasticine to support the egg about 3 cm. above the bench level ; a straight 
triangular cutting edge needle mounted in a suitable handle; a medium- 
sized nail or some similarly pointed object to make the opening into the 
air sac; capillary pipets, and rubber bulbs. 

An opening is first made into the air sac with the nail point. With the 
needle each corner of the triangle is gently elevated until it is clear that 
the triangle of shell will lift off easily. If this precaution is not taken it is 
easy to lift one side of the triangle and force the sharp angle opposite 
through the shell membrane. In the middle of the area of shell membrane 
so exposed a drop of sterile fluid (normal saline with 0.044 per cent CaClj) 
is placed. Through this drop a slit is made in the fibers of the shell mem- 
brane and enlarged sufficiently to be sure that the saline has come in 
contact with the upper surface of the chorio-allantois. The details of 
making the slit are as follows: the needle point should be only moderately 
sharp and should contact the shell membrane at an angle of about 45 
degrees. It is pressed slightly downward until the point engages the fibers 
of the shell membrane and then raised so as to slit the membrane along 
the direction of the fibers. The edge of the slit should be raised sufficiently 
to extend the opening about 3 mm. and to allow a glimpse of the chorio- 
allantois. Hemorrhage should be completely absent. The egg is now put 
aside for a minute or two while others are similarly prepared. During 
this period the saline begins the work of gently separating the chorio- 
allantois from the shell membrane. The next _ stage is to complete the 
formation of the artificial air space by suction with a rubber bulb over the 
opening into the natural air sac. This should he done very gently and the 
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(d) The 50 per cent end points (LD 60 ) are to be calculated according 
to the method of Heed and Muench,* the titre being expressed 
as the logarithm of the dilution (to one decimal) (see note in 
example). 

(e) The neutralization index of a scrum can be expressed (not loga- 
rithmically) as the ratio of the control LD s o titre over the 
titre of the serum. (Log of LD S0 of control — log of LD M titre of 
serum = X; antilog of X = neutralization index.) 

On this basis the following criteria are adopted: 

Neutralization index 1 to 9 = negative. 

Neutralization index 10 to 49 = equivocal. 

Neutralization index 50 or more = positive. 

When an equivocal result is obtained the serum should be retested. 
When in the second test the neutralization index is 1 to 9, the serum 
should be considered negative; 10 to 49 shall leave tire serum in the equivo- 
cal category, the final decision being postponed until another test is done 
on the same serum or on another specimen from the same individual; an 
index of 50 or more in the second test will put the serum in the positive 
category. 

2. Details of the Neutralization Test for Neurotropic Viruses. —(a) Virus.- 
Ten or more brains removed from mice showing nervous signs are ground 
with sand or alundum and 10 cc. of inactivatedf undiluted rabbit serum 
are added for each gm. of brain tissue. The suspension may receive addi- 
tional homogenization in a Waring blender. After centrifugation at about 
2000 r.p.m. for ten minutes, the supernatant fluid is drawn off and regarded 
as the 1 to 10 dilution of virus. Part of it is titrated immediately, and tie 
rest is distributed in ampules in 1-cc. amounts. The sealed ampules are 
quickly frozen in a mixture of solid C0 2 and 95 per cent alcohol and stored 
in a solid COi refrigerator. Depending upon needs, one or more ampides 
are thawed and used in each test, the unused portion of the virus being 
discarded. 

(6) Preparation of Virus Dilutions, and Control and Serum-virus J/*®* 
tures -— Starting with the 1 to 10 dilution from the frozen ampule, o nC 
prepares 1 to 50, 1 to 500, 1 to 5000, etc., up to 1 to 500,000,000 or l to 
5,000,000,000 dilutions, using 10 per cent rabbit serum in saline as the 
diluent and a separate pipet for each dilution. Then 0.2 cc. of the selected 
dilutions are added to marked tubes containing either 0-2 cc. of the undi- 
luted unknown serum or of a tested negative, undiluted rabbit serum for 
the control mixtures. 

(c) Selection of Critical Dilutions .— If the preliminary titration m* s 
indicated that the LD 40 titre of tile virus to be used is in the range of tne 
10 -8 dilution, after incubation at 37° C. for two hours, then the control 
dilutions to be tested will be 10 - *, 10 -7 , 10 -8 , and 10'® and the serum 
dilutions 10~®, 10"*, 10 - *, 10~ 7 . Similarly: 

(1.) with preliminary LDto titre of virus in range of 10 -7 , 

Control dilutions .... 10 -5 , 10~ 8 , 10" 7 , 10" 8 
Serum dilutions .... 10 -J , 10 -4 , 10"*, 10"* 

* Heed. L. J , and Muench. II.: Am. Jour. Hyg . 27, 493. 193S- 
t Inactivation « earned out at 56* C. for one-half hour. 
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(2) with preliminary LD 60 titre of virus in range of 10 -9 , 

Control dilutions . . 10“ 7 , 10 -8 , 10 -9 , 10~ 18 

Serum 10- s , 10-«, 10~ 7 , 10" 8 

These dilutions are selected in order to be within the range of 100 per 
cent mortality at one end, and 100 per cent survival at the other in the 
control titration, bearing in mind the variations in titre that may be 
expected with virus suspensions preserved in the frozen state. Wien the 
test is to be used for diagnosis with a virus that has been found to maintain 
its titre well, one may dispense with the lowest dilution in the serum 
mixtures (i. e. the 10~ a , or 10 -4 , or 10 - *) and use 3 instead of 4 serum- 
virus dilutions. 

(d) Incubation, Numbers of Mice, and Period of Observation.— Five mice 
are to be inoculated with each dilution. The intracerebral route of inocula- 
tion is used, employing 0.25-cc. tuberculin syringes to permit a more 
accurate delivery of a standard 0 03-cc. dose. If the number of mice should 
become limited either because of inadequate supply or the large number of 
sera to be tested, four mice may be used for each dilution. The controls 
and serum-virus mixtures are to be incubated in a water bath at 37° C. 
for two hours and then placed in an ice-bath until inoculated. The highest 
dilutions are to be inoculated first (i. e., lO - ", 10 -8 , 10~ 7 , etc.) and the 
control mixtures should be the last. The mice shall be observed and deaths 
recorded for at least ten days in the case of Western and Eastern equine 
encephalitis and for at least fourteen days in the case of St. Louis encephal- 
itis virus. All deaths within twenty-four .hours after inoculation shall be 
regarded as being due to traumatic or non-virus causes, and in the case of 
St. Louis encephalitis virus, considering die dilutions used, all deadis 
during the first three days shall be regarded as non-specific. 


Example 

Final dilution of viru* LDn litre, Neulraliia- 


Mivfure 

It)-* 

10-* 

KM 

ICM 

10-» 

10-*' 

dilution 

index 

Result 

Control 



5/5 

4/5 

3/5 

0/5 

8 0 



.Serum A 

5/5 

5/5 

5,5 

3/5 



7 0 + 

<10 

Negative 

Scrum B 

5/5 

5 '5 

3/5 

il/5 



0 5 

32 

Equivocal 

Scrum C 

5/5 

4/5 

3/5 

0/5 



0 0 

100 

rositu a 

Fraction 3/0 indicates that 5 mico wero inoculated and i 

n 3 death occurred ai 

i a rosult of 


tho virus infection. 


nr* - 5,s 
nr*- 4/5 
nr* -3/3 

nr* -o/5 


Procedure Used jn Calculating LD*» Titbe* 


SumrrJ Deaths 
O 12/12 


. * . LDm titre. lot of dilution — SO. 

Arrow* indicate direction of addition for accumulation totals 


• The HecJ-Mucnch formula will bo used even in the slscnra of a if ro mortality end* 
of 2 dilutions below lha 50 per cent or more mortality ranco. with tha clear under* land- 
ing that tha result* aro not absolutely accurate Thu w th« l*ut aiailabU |.roe*Jur# for a 
standard mctliod of c»iirc«ine tha result* under circumstance* which m»ha it Impractical 
to mcrtvuo tha number of dilution* t<> o»»cr tha strict requirements of tha Keed-Mucnch 
formula 
3S 
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Serum B 


1CT' -5,o . . . . 
10“*- 5/5 . . . . 

ltT* — 3/5 . . . . 

1 O' 7 -2/5 . . . . 


D*d 

5 

3 




Scmved Dttd ScmraJ Dettbt ^ mortality 

0 15 0 15/15 100 0 

0 10 0 10/10 100 0 

2 5 2 5/7 71.4 


3 


23 6 


Sc mortality above 50^ — 50% 

SI mortality above 50^ - SI mortality below 50% = faCt ° r or Proportionate distance 


or 

71 4^ - 50% 21 4 

juss-aef. -57- 05 

When tenfold dilutions are used LD* title *• log of dilution above 50% -f factor or 
this case — 6.0 + 0.5 — 65. 


Colculaiion of XcuSnlilaiton Index for Serum B 
Control titre log of dilation — SO 

SenimBtitre log of dilution = 65 


Neutralization index log =15 
Antilog of 15 = 31.6 or 32; therefore neutralization index - 32. 

III. Complement-fixation Tests. --Analogous to bacterial complement 
fixation it has been shown that antiviral sera fix complement in the presence 
of their homologous antigens. Such tests are employed with increasing 
frequency in many virus diseases.* The difficult}- with the virus comple- 
ment-fixation tests generally concerns the antigen. Infected tissue must 
often be employed although occasionally antigen can be derived from tissue 
culture, notably from allantoic fluid, of the developing chicken embryo. 

Various tests have been devised for use in infections such as vaccinia 
and ' ariola; herpes simplex; psittacosis; 1} mphopathia venereum; influenza; 
Ivmphocvtic choriomeningitis and various other neurotropic virus infec- 
tions. For the latter group the method followed by Casalsf is recommended. 
A brief review of this technic is as follows: 

The sera to be tested are inactivated at G0° C. for twenty minutes, 
undiluted or in a dilution 1 -■ . 

The antigen is a suspension of infected mouse brain in ten times its 
weight of saline. This emulsion is kept m the ice-box twenty hours, then 
it is centrifugalized at 2500 r p.m. for thirty minutes; the supernatant is 
frozen and thawed five times m a dry ice-alcohol mixture and then centri- 
focalized in the angle centrifuge at3otX) r.p.rn. for one hour; the superna- 
tant after the addition of merthiolate in dilution 1 to 1000 is the 
nntt 'ppn These antigens are virulent and precaution should therefore 
« in handling them, fn order to avoid certain difficulties and 


be observed in handling thj.ro. 
dangers inherent in 
virulent antigens for seyr 
of the biological! 


(frozen and dried) n0 n- 
can be obtained from one 
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TUB FILTH ABLE VIRUSES 


The test is run as follows: the complement is titrated as for the Wasser- 
mann reaction: two units are used in the test. Then come the successive 
steps of the reaction: 

(a) Two-fold dilutions, from 1 to 1 or 1 to 2 through 1 to 16, of the 
inactivated serum are put in as many series of tubes as antigens are avail- 
able; the volume of the serum dilutions is 0.25 cc. 

(b) To each tube in the series 0.2j?cc. of a given antigen are added. At 
least four different antigens can bemused each time, namely: W.E.E., 
E.E.E., L.C.M., and St. Louis encephalitis. 

(c) An extra tube is set aside for each antigen, ( as control of the anti- 
complementary power of the antigen, “this tube contains 0.25 cc. of antigen 
and 0-25 cc. of saline, the latter to substitute for the serum. 

(d) Two units of complement, as determined by the previous titration, 
are added to each tube in a volume of 0.5 cc. 

Now the tubes containing dilutions of serum, the antigen, and the com- 
plement all in a volume of 1 cc., as well as the tubes containing the antigen 
and the complement but no serum also in a volume of 1 cc. (since 0.25 cc. 
of saline substitutes for the same volume of senim), are placed in the ice- 
box for eighteen hours. Following this incubation the tubes are kept at 
room temperature for one-half hour, and the hemolytic system is then 
added, consisting of 0 25 cc. of a 3 per cent suspension of packed sheep 
blood cells and 3 hemolytic doses of anti-sheep hemolysin also in 0.25 cc. 
The total volume of fluid in each tube is now 1.5 cc. The tubes are incu- 
bated in a water bath of 37° C. for one-half hour and the reaction is read. 

Another and modified technic for the neurotropic group of viruses is 
that recommended by Havens, ct al.* 

IV. Precipitin Reactions.— Thesereactionshaveoccasionallybeenbrought 
out through the use of immune sera prepared from rabbits injected with 
elementary bodies of vaccinia. In yellow fever, convalescent human sera 
have been shown to contain a precipitin capable of reacting with precipitin- 
ogen occurring in the blood of infected monkeys. The test has not yet 
found much practical application, however. 

* Havens, W P , Jr , Watson, D. W., Green, B. H., Lavin, G. I., and Smadel, J. E : Jour. 
Eiper. Med.’, 17 , 139, 1943. 



PART VI 


Protozoology 


CHAPTER XXXIV 

GENERAL DESCRIPTION OF PROTOZOA 
By Quentin M. Geiman 

Organisms belonging to the Phylum Protozoa are of medical importance 
because numerous species produce disease in both animals and man. 
Although the greater number of approximately 10,000 species are free 
living saprophytes, parasitic habitats have been established by repre- 
sentatives of each class of Protozoa. Species may live as ectoparasites or 
as endoparasites in harmless or disease-producing association with their 
hosts. 

Before proceeding with a consideration of pathogenic species, the diseases 
they produce, and methods of diagnosis, a brief description of Protozoa 
as animals is desirable. Since the organisms in this phylum vary in their 
size, morphology, organization, and physiology, a brief classification will 
be tabulated to serve as a guide for the laboratory worker. 

I. Morphology.— Protozoa are unicellular animals composed of nucleus 
and cytoplasm. Difficulties arise, however, when an attempt is made to 
distinguish some species from unicellular plants and certain Metazoa. As 
might be expected, gradations of differentiation exist in the evolutionary 
scale of Protozoa and borderline forms are not always classified easily 
according to our arbitrary system of nomenclature. Protozoa vary from 
simple organized cells with nucleus and cytoplasm to colonial aggregates 
with complex organization. 

In the evolutionary development of the Protozoa, a variety of specialized 
structures or organelles have developed. In organisms such as the amasbas, 


sions making individual organisms visible to the naked eye. Amoebae 
constantly change shape in the active stage but other species maintain 
more or less constant form for the many and diverse stages which go to 
make up complex life-cycles. Adaptation to mode of existence, both 
morphologically and physiologically, is a prime requisite for the successful 
parasite. _ . . 

1. The Cytoplasm. — The cytoplasm is a viscous fluid which contains the 
inclusions and organelles and which makes up the greatest volume of the 
cell. This fluid has the properties of a complex colloidal system composed 
of organic and inorganic constituents. Layers of different refractivity and 
viscosity may be distinguished as ectoplasm and endoplasm. A plasma 
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membrane bounds the fluid in some cases and a periplast or cuticle in other 
cases. 

The structural components differ in origin, nature, and function. The 
presence of various types of granules, crystals, pigment, mitochrondria, 
fibrils, stored food, and vacuoles varies from species to species. Particulate 
food or nutrient substances that are ingested or absorbed by osmosis give 
rise to the waste products of metabolism. These waste products may be 
thrown off by a contractile vacuole or excreted directly through the cell 
membrane. The metabolism of parasitic Protozoa is of considerable 
importance to the host, because the pathogenicity of the parasite may be 
directly correlated with the utilization of nutrients from the environment 
and the toxicity of excretory and secretory products. 

Direct observation of the cytoplasm provides limited information about 
the coll constituents. Special staining procedures are required to differ- 
entiate the structures present. Physiological and biochemical methods are 
needed to provide more complete knowledge about the processes which 
take place in this complex fluid. 

2. The Nucleus.— The nuclei of Protozoa vary in size and structure from 
species to species. This essential component of the protozoan cell contains 
karyolymph or nuclear sap, a reticulum or network, chromatin dispersed 
in different ways and a nuclear membrane. In some species of flagellates, 
accessory' chromatic structures are associated with the nucleus and the 
flagella or organs of locomotion. In the more highly differentiated ciliates, 
a large macronucleus and a smaller micronucleus, each with specialized 
functions in cell division and reorganization, comprise the nucleus. Further 
generalizations are difficult to make because of the diverse nuclear structures 
and organization in relation to the cytoplasm. Textbooks of protozoology 
will have to be consulted for more complete information. 

II. Reproduction.— Reproduction, as a life process, is also varied and 
complex. Although generalizations aboutlt are difficult to make, knowledge 
of the process is of fundamental importance to an understanding of the 
parasitic Protozoa and their pathogenicity. 

The main types of division are asexual and sexual, with an additional 
type involving the reorganization of ciliates by the temporary fusion or 
conjugation of two individuals. 

Asexual multiplication by binaiy' fission, budding, and multiple division 
or segmentation is quite common among the Protozoa. Xu cl ear division 
precedes the division of the organism into two equal or unequal daughter 
cells, or segmentation into many cells. The latter process, called schizogony, 
occurs mainl}' among the Sporozoa, of which the parasite of malaria is an 
example. .... 

Sexual division involves a differentiation of sexes or gametes and the 
union or copulation of two cells to form a zygote. This zygote can pro- 
ceed to encyst or undergo a process of sporogony (development of spores). 
The temporary fusion of two individuals, known as conjugation, permits 
nuclear exchanges which give rise to the reorganization of the involved 
cells and increased vitality for subsequent binary fission. This latter process 
is characteristic of the ciliates only. 

The above processes can be involved in the life-cycle of man v Protozoa. 
The occurrence of sexual and asexual methods of reproduction in the 
same species is known as alternation of generations. . This process is of 
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particular importance to the parasitologist because of the change of 
host frequently associated with it. The new host is usually an arthropod 
which becomes the transmitter or vector for transfer of infection from 
one individual to another. Drastic changes of environment involved in. 
the transfer from vertebrate to invertebrate host requires prompt adapta- 
tion, if the protozoan is to survive. That such infections continue to exist 
indicates the readiness with which the parasite adapts itself to the respective 
hosts involved in the life-cycle. 

111. Classification.— Although present-day classification of the Protozoa 
differs slightly from author to author, the organisms, with the exception 
of the class Sporozoa, may be classified by their method of locomotion. 
The table listed below includes only those groups of organisms which are 
of importance as parasites of man. 


Tadle 81. — Classification of the Pkotozoa* 

Phylum • Protozoa 

A. Subphylum: Plamodrotna, Doflcin, 1001. Movement is effected by pseudo- 
podia or flagella, and syngamy, where it is known, takes place by the complete 

■ • Jominating phase is aniceboid, 

' > " • Jominating phase is flagellate, 


ic forms which are frequently 
provided with polar capsules 


IV. Class: Sporozoa, Leuckart, IS79. Parasitic forma which reproduce typically 
by schizogony, and which gi\c nse to sporozoites enclosed in resistant ooc\sts 
after syngamy has occurred. 

B. Subphylum: Cihophora, Doflcin, 1901. Mot ement ia effected by means of 
cilia. 

Group 1: . “ - . 

all of one typ . ■ 

I. Class: 


Groujj S: 


MUV... lUIIJIUIdlll) aaSULiaU-M Uiuivluuais. 

I. Class: Cibola, Pcrty, 1S02. Cilia arc present throughout the life of the 
organism. 

II. Class: Sueloria, Clanamle and Laclnnann, 1S.">S Cilia are present only 
during tho young stages, which usually attach tlwinrthci to objects, Iomj thur 
cilia, and de\elop suctorial tentacles. 

• Vi'KNTOX, C. M-: ProloxoGlocy, London, lUnliire. Tind»U 4 Cox, 1020 
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INTESTINAL PROTOZOA 


By Qcextj.v M. Geimax 


GENERAL 


mcm r f P l C - mCn3 ' C V" iva,io 'I f ? r isolalion °f pat'lmge. “ studvtf «pcri- 
mental infections, and transmission and control TIirntir*lmu»’ »i ^ 
cedurra, tl.e specimen, or cultures of tl “pStes mu f h V ^ Z 
living cells derived from a host with a body temperature of 37 " 0*1)1 ^ f 

sill? !M,0n, ' C and - ~Zn 

Procedures for i • • _ ..... 

logical methods. : ; , . ‘ . . * : 5 . : * 

sterile technics should ue followed throughout. Proper handling nfthe 
l“i:™f C „?. e il? SScm,al , l f 1K the organisms are minute and their moniht 
r identification. A calibrated ocular 


..wAutui uusium: aiu; organ 

logical characters must be studied for iuemuication. 
micrometer is essential for the microsconist to aid in .. r t, • 
relationships and to escape the many pitfalls which occuAs artfe'in 
specimens requiring microscopic examination. Precise methods of tahnie 
and observation are the forerunners of reliable and accurate diagnosis 


SPECIES OP PROTOZOA 


Those species of Protozoa to he found in the intestinal „r 
are iisted in Table S2. Three exceptions are included, Endamaba yfnjiWir 
and Trichomona, tonxr which occur in the mouth onlv, and T raLali, 
which occurs only m the vagina of women and the ureihra of men. El m 

l h d n‘f° n /V- hree ; ?PCC,ra ’t Enda T ba Trichomona, raginali, 

and Balantidium coh, are of proved pathogenicity, knowledge of the other 
spee.es m .nectary in order to differentiate the non-pathogenic from the 
pathogenic. _ First-hand experience with the plant-like organism BUuto- 
cyslu, iwm. (Fig. 60 , Nos. 10 and 11) and I with the variety of appearances 
presented by fecal debris is also essentia] for differentiation. 

E f J damcebahis .^ytica (Schaudinn, 1903) 
Hickson, 1909.~This organism has three stages in its life cycle the actne 
or trophozoite stage, the precystic stage and the cystic stage. The tronho- 
zoites are the tissue mvaders and tiie cause of amcebic djsentery The 
cysts are tiie resistant and infective stages which lead to infection of new 
hosts. Two races, a large (Fig. 63, Nos. 1 to 6) and a small (Fie. 63 Nos 
7 to 11) race, occur, but the large race is more commonly found. 

(a) Trophozoite.— Size, 15 to 60 fi in diameter, with an average of 20 to 
30 /a. In fresh warm feces, the organisms are rapidly motile with a snail- 

(0<H) 
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like movement, thrusting out clear ectoplasmic pseudopodia upon change 
of direction. The ectoplasm may or may not be differentiated from the 
less refractive endoplasm and the nucleus is seldom visible. The organisms 
ingest food particles by phagocytosis and red blood corpuscles may be 
taken in if they are present in the stool. Vacuoles and bacteria are visible 
in sluggish, degenerating organisms. 

Table 82. — Classification- of Intestinal Protozoa 


Class 

Order 

Phylum Protozoa 

Species 

Rbitopoda 

Amerinds 

Endamaba — Leidr, 1879 

E hutolgtua (Scbaudinn, 1903), Hick- 

Mastigophora 

l’rotomonadida 

lodamaba — Dobell, 1919 

Endohmax — Ruenen and 
Saellengrebe), 1017 
Dienlamrrba — Jepps and 

Dobell, 1918 
OinrdiA—KuDitler. 1882 

son. 1909 

E. eoli (Grassi. 1879), Hickson. 1909 

E gxngitaht (Croa, 1819), Smith and 
Barrett, 1915 

/ but tel, In (v Fronazek, 1911). Dobell. 
1919 

E nana (Wen} on and O Connor, 1917). 
Bnig. 1918 

D fragiht Jepps and Dobell. 1918 

G lamblut (Stile* 1915) 

Cilia ta 

Heterotrichida 

Chilomaitiz — Atexpie.T 1910 

Tnchononat— DonnA. 1830 

Re tortamonai 

Enieromonat— da Fonseca, 

„ 1015 

Balantidium— Clapart'de 

C mttnih (Wen} on, 1910), Alexeieff, 
1912 

T homxnxt (Davaine, 1800), Leuckart, 
1879 

T tenaz (O F Mailer 1773) 

T togtnalxt Donn* 1836 

R tnlrttinaln. Wen} on and O Connor, 
1917 

E homxnxt, da Fonseca, 1915 

B tolt (Malmsten. 1857), Stein, 1862 

Sporoioa 


and Lachmann, 1858 
Import — Aime Schneider. 
1881 

I Aomin it (III volts, 1878). Dobell. 1919 


In stained preparations, the distinctive morphology characteristic of 
the species becomes apparent (Fig. 63, Nos. 1 and 2). The addition of 
iodine to a fresh preparation, stains the nucleus so that the central karyo- 
some and the fine peripheral chromatin can be detected for diagnostic 
purposes. Permanent preparations stained with Ileidenhain’s iron-alum 
hematoxylin give the most precise definition of the nuclear morphological 
detail (Fig. 63, No. 1). The small central karyosome or dot of chromatin 
and the fine peripheral chromatin just beneath the nuclear membrane are 
diagnostic for the species. If preparations are made from fecal specimens 
more than one hour old, degeneration of the nucleus takes place with the 
’chroma'' 

The *• i 

size of ' ‘ * 

cytopla ' „ • 

Highly refractile and deeply staining cylindrical rods or chromatoid bodies 
and a large glycogen vacuole, staining brown with iodine, are formed in the 
cytoplasm. 

(6) Cyst.— Size, 5 to 20 n in diameter- Averages of large race 13.5 p, 
small race 7 to 9 p. Cysts are spherical containing 1, 2 or 4 nuclei, chroma- 
toid bodies, and glycogen vacuole (Fig. 63, Nos. S to G). The single nucleus 
divides in two and then each nucleus divides again to form four nuclei. 
During this division process, the chromatoid bodies and the vacuole 
decrease in size and eventually disappear. The mature cyst, which can 
produce infection when ingested, contains clear cytoplasm and four nuclei 
(Fig. 63, No. 6). The number of nuclei and characteristic chromatoid 
bodies are diagnostic. 
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conditions for cyst formation develop, cysts are formed and passed in the 
feces to repeat the life cycle. 



* - ... — . a huiiiiuui ncnutolj nu *t«ia j \ufiC*riai.; 

*Ihc incidence of hi&tolylica among the general population depends to 
some extent on the local imitation. In the L’nitcd States infection rates 
' aO' froin 2 to 10 jkt cent or higher, but |>crcentjges approac h 25 jkt cent 
or liighcr in tropical areas. 





